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How good is the new Electro-Voice RE20 
studio dynamic microphone? 

Here's proof from the new scoring 
stage at Glen Glenn. 



The tine repuiaiion of Glen Glenn 
v2^ Sound Company rests on their 
knowledge of sound ... their ability to 
turn a full symphony orchestra into a 
perfect sound track for TV, the movies, 
or a new album. And their desire to be 
first with the finest. 

So for their new scoring Studio M, 
Glen Glenn engineers asked to see the 
latest products in every category , . , tape, 
film, electronics, and — of course — mi- 
crophones. Especially a nevs E-V dynamic 
cardioid microphone which they had seen 
in prototype form earlier. 




Glen Glenn put the RE20 to the test. 
Including days of studio experiments and 
actual sessions that pitted the RE20 
against every type of musical instrument. 
Pius a searching critique by the musicians 
themseKes. The RE20 passed every test 
with flying colors. 

As a result, when Studio M was com- 
pleted, RE20's were on the booms... 
almost four dozen of them from our 
first production run. 




Since then. Glen Glenn has scheduled 
a number of major recordings with 
RE20's. And the RE20 has often been 
used where previously an expensive con- 
denser was the automatic choice. Why? 
Because the RE20 has proved itself a 
significant adsance in microphone design. 
With wide-range, peak-free response on 
axis (even the off-axis response is better 
than many other studio microphones on 
axis). Transient response rivals any Other 
studio microphone, regardless of design. 
Directional control is uniform and pre- 
dictable from every angle. Yet proximity 
effect is virtually eliminated (a problem 
that plagues almost every 
cardioid — except 
Continuously Var 
microphones) 




>able-D^ 



MODEL RE20 
dynamic caidioid studio 
n^ic'ophone $425-00 list, 
less normal trade discounts. 



In short, the RE20 docs escrything a 
good condenser does, and some things 
better. Without the complication of power 
supplies. Or special cables. Or shock 
mounts or windscreens (they're both built 
in). Or the need for equalization just to 
overcome design faults. 




It's simple. It's flat. It's rugged. It's 
clean. With a 2-ycar performance 
warranty unmatched in the industry (it's 
spelled out completely on the spec sheet). 
The RE20. For the studio looking for 
better sound. 'Vour E-V microphone spe- 
cialist will gladly loan your studio an 
RE20 to make any tests you like. Call 
him today. 

p. S. For rull technical dataon the RE 20, write us today. 
To find out more ahout Studio M, write Joe Kelly, VP, 
Engineering. Glen Glenn Sound Company, 6624 Romaine 
St., Hollywood. Calif. !>003S 

ELECTRO-VOICE, INC., Dept. 90tBD 
686 Cecil Street, Buchanan, Michigan 49107 




A SUBSIDIARY OF GULTON INOUSTRieS. INC. 
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Coming 
Next 
Month 



• A special issue devoted to the ex- 
ploration of rompresors and limiters. 
We will have a round-table discussion 
among prominent manufacturers that 
should answer many of the (juestions 
you may have about compressor limiter 
capabilities and performance. In addi- 
tion, there will be a directory- of cur- 
rently-available products. 

Richard Rogers has prepared an ar- 
ticle that details the first tlirce-way 
([uad-sterco regular stereo video broad- 
cast. It took place recently in California 
among two fm stations and a tv station 
(supplying the picture and a mono mix). 

John Horwick has another European 
report, this time on the London Pro- 
fessional Audio Fxliihition that was 
held this summer. 

And there will he our regular monthly 
colunuiists, Cieorge Alexandrovich, Nor- 
man n. Crowhurst, Martin Dickstein, 
and John W'oram. Fkeub.ack Loop 
columnist Arnold Schwartz will miss 
next month but be back after that. 
Coming in db, The Sound Engineering 
Magazine. 



About 

the 
Cover 



• The grotesque beast is in reality a 
tiny integrated circuit (a GE 2-watt 
power amplifier) that has beim magni- 
fied by our camera to illustrate two 
stories in this issue. 
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Lett 



ers 



The Editor: 

This is in reference to niy article 
Low-Frequency Sound Absorbers, 
which appeared in the April 1970 issue. 
Two t>'pographical errors occured in 
the mathematics of the paper on the 
bottom of page 46. The first appears 
at the third line from the end; in- 
stead " = w3/4 2r", the line should 
read " = w + 2r." The second error, 
which may have occured in the manu- 
script, pertains to the equation for V 
(7th line from end): instead of "fo" 
(which appears depressed) in the out- 
side factor of the denominator on 
the right-hand side of the equation, 
the term should have been "fo*"- The 
cur\'es are correct. 

Michael Rettinger 
Encino, California 
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The Editor: 

Those comments in the July issue by 
George Alexandrovich in Audio Engi- 
neers Notebook were most pithy 
and realistic. He has belled the cat of 
skimpy audio in tv (and radio) exactly 
right, according to my viewpoint and 
experience which began in the carbon 
mike days of the late 20's. 

Yes, radio and tv have long neglected 
sound, and it apparently is not im- 
proving even on fm today with the 
slipshod methods of so many stations. 
I know of one big clear channel with an 
excellent engineering staff which boasted 
of spending $20,000 on cleaning up its 
audio to be flat from 20 to 20,000. How- 
ever, the main output thereafter was 
45 rpm discs of some of the contemptible 
discords that are labeled "modern 
music." The improvement in trans- 
mission was hardly apparent with the 
low caliber of material. 

The same paradox appears in re- 
corded music today. We are dazzled by 
8 and 16 and 24 and new 48 tracks! We 
give a mic to every tensil or reed. W'e 
mix down to 2 track or mono. Press on a 
45 disc made of mud and manure. It is 
played on a $14.95 discount store phono- 
graph by a teenager with a tin ear at 
maximum distortion. And the material 
now represents a new low point in 
musical creativity insofar as merit or 
melodic worth is concerned. Advances 
in sound do show up in the classical 
and standard output, hut the vast 
hulk of more than 10,000 singles in a 
year are sheer trash. Look at the album 
covers today. Tlicy all look alike. The 
songs sound alike. The>' have so little 
to say that all the album carries are 
titles and timing. What a waste of 
sound! 

There is no doubt that audio tecli- 
ni(|ues are way ahead of musical content 
these da\'s. Wouldn't it he nice to 
hear those nostalgic tunes of Wayne 
King, Bing Crosby, Jessica Dragonette, 
and Toscanini, et, al, ix)ur out the new- 
home systems via the improved re- 
cording skills existent today? As the 
present crop of regressive ps>chiatric 
caterwauling expires from sheer lx)re- 
doni of buyers , perhaps the wave of the 
future will Ije nnisic to remember. . .to 
whistle. . .to hum. . .to enjoy. So, 
George, perhaps radio and tv are smart 
not to worry over toda\''s music on 
these 4-inch speakers. 

Stephen A, Cisler 
Ij)uisville, Kentucky 
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Sure, well pick a fight. 



If it'll help you pick 
a microphone. 

Live and let live— that's our motto. 
(It's easy to be generous when you're Number One.) 

But we draw the line when you start being 
confused by a lot of conflicting claims about 
different powering systems for transistor- 
equipped condenser microphones. 

That's the time to start punching home 
facts. Like these; 

Neumann— always conservative- 
was last on the scene with a transistor- 
equipped model, So, the world's most 
prestigious microphone manufacturer 
had every powering option open to it 
It could study the experiments of 
others, the experiences of users. 

Neumann chose the 48V 
PHANTOM® powering system. And 
thereafter we were able to promise 
all these benefits: 

• No noise induced through the 
cable shield -s^t^ 

•Only 19mW of power consumption \ 

• No cross-talk between mikes on the 
same central supply 

• Single FET straightforward aud/'o circuitry 

There's more, too. All detailed in the free 
literature we've prepared for you. Write for it today 
(Ask for extra copies, if you need them for 
distribution.) See why sophisticated users tell us 
Neumann is a "knockout."* 

AUDIO CORPORATION ^^'^ 

2 West 46th street, New York, NY 10036 (212) 265-4111 
1710 N. LaBrea Avenue, Hollywood, Ca 90046 (213) 874-4444 
In Canada: J-Mar Electronics Ltd. 
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'TKO— technical knockout, that is! 
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THE 
CARTRIDGE 
KILLER. 

This man doesn't have time to 
baby the tools of his trade. Not with a 
commercial, a traffic report and time 
check breathing down his neck. He's 
got to keep those records spinning 
fast and furious. And, if he kills a 
cartridge or two along the way, well— 
that's how it goes 

Until now. 

Meet the Stanton 500AL— the 
cartridge that's tougher than disc 
jockeys. Here Is the workhorse of the 
broadcast industry. We designed the 
entire stylus assembly to withstand 
the rugged demands of back cueing 
and the kind of handling that would 
quickly ruin ordinary pickups. Yet its 
high restoring force and tracking 
reliability is accomplished without 
sacrifice of professional standards for 
frequency response, output, channel 
separation, etc. 

The Stanton Model 500AL is just 
one of many cartridges engineered by 
Stanton for the varied and critical 
applications in the fields of broad- 
casting and recording. For nothing 
less than Stanton performance and 
reliability would meet the needs of 
the engineers who have made Stanton 
—The Professional Standard. 

For free literature write to Stanton 
Magnetics, Inc., Terminal Drive, 
Plamview, L.I. , New York 11803 
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The Audio 
Engineer's Handbook 

GEORGE ALEXANDROVICH 



I S/N IN LOW 

• Last month's suiiject covered meas- 
urements of s n in tiie liish level mixer. 
To complete the picture we must talk 
alxnit the low lexel ininits and u hat to 
j expect from them. 

' In our last month's example we ob- 
tained a s. n of 87 dl{. W hat we did in 

I order to obtain such a high figure was 
that we never allowed the signal to drop 
below the —40 dB level. Therefore, 
the ditTerence between the signal level 
and the inherent noise of the ampUlier 
was ne\'er less than 87 dB. 

What do we do in the case of micro- 
phone inputs? .As you know, most niics 
produce levels as low as —60 dBm 
using the standard sound pressure test. 
Condenser mics produce levels of —40 
dlini or higher. By now we know that 
s II of the s\ stem will <lepcnd on how 
low the signal will be allowed to drop 
to the noise level of the amplifier input. 

' If the mic preamp input stage has a 
noise of —120 dHni and we feed a mic 

I signal of —60 dBm, our best s. n will 

' be 60 dB. 

.Sometimes this is not enough and we 
want a better s n figure. There are 
several wa> s we can do this: 



1. Placing the microphones closer to 
the source of sound. 

2. Using microphones with higher 
outputs (condenser mics into mic pre- 
anips with lower gain). 

3. Having a bridging balanced input 



LEVEL INPUTS 

in mic preamplifier, gaining up ^ 
in mic level. 

4. I'sing an exjiander in a mic circuit. 

5. .Substituting a cardioid mic for 
omnidirectional. 

6. Improving the mic preamp input 
stage. 

7. Iinproxing the acoustical pro|H'r- 
ties of a studio. 

'Lhc experienced audio engineer will 
try to use even' one of the above men- 
tioned technk|ues in order to achieve a 
lower noise and cleaner sound. Neglect- 
ing ain- of the measures luay make the 
ditTerence between gofwi and bad re- 
cording. Let us review, point by (X>iut, 
all of the enumerated measures. 

1. Deriving a stronger mic signal b>- 
using close [lositioning is probably the 
most el'fecti\-e and the simplest wa\' to 
improve the s n. It stands to reason that 
the further the sound source is from the 
microphone, no matter how sensitive 
the mic is, the weaker are the sound 
waves reaching the mic diaphragm, 
and ambient noise pickup is more pro- 
nounced. Inverse square la«- states 
that sound intensity is proportional to 
the s<piare of the distance lietween the 
mic and the souml source. It means that 
if we half the distance, output froiu our 
mic will increase 12 dli. Consetiuently, 
the s n will improve by the same 
amount. 

2. The use of a condenser or higher 
output mics is extremely beneficial. 
However, most of the time the back- 
ground noise and not the amplifier noise 
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THE 

PROFESSIONAL 

CAPABILITY 

FACTOR 

In an area where versatility and 
performance often tend to be nothing 
more than a set of written specifica- 
tions, one tape recorder stands apart 
from all the rest, Revox. 

Revox is built to such exacting 
standards that Julian Hirsch writing 
in Stereo Review was moved to com- 
ment, "We have never seen a recorder 
that could match the 
performance of the - 
Revox A77 in all 
respects, and very 
few that even 
come close." -r 

But perform- \. 
ance is only part of 
the story. When 
you've produced a 
truly professional qual- ir- 
ity machine you should be 
prepared to go all the way and provide 
complete professional capability. 
That's why Revox is the only machine 
in its price class (or anywhere near it) 
that's built to handle NARTB profes- 
sional 10y2"tape reels. 

A IOV2" reel offers twice the 
recording time of the standard 7" reel 
found on most tape recorders. And 
while much has been made of slower 
playing speeds and double-play tapes, 
the fact remains that frequency re- 
sponse, signal-to-noise ratio, dynamic 
range and a number of other impor- 
tant recording characteristics are 
adversely affected by slower speeds 
and thinner tapes. 

Certainly smaller reels, slower 
speeds and thinner tapes have their 
place in home tape recording and 
Revox provides for them, but they 
have nothing to do with professional 
performance standards, 

If you want fully 
professional 
performance and 
capability and 
you're not 
prepared to settle 
for anything less, 
the answer is Revox 

REVOX.^ 
DELIVERS WHAT 

ALLTHE REST 

ONiy 

j^aalA^ Revox Corporation 
nnnMfll^rt ?12 Minooln Avenue. 

17?1 N. Highland Ave , Hollywrood. Cilil. 000?8 
In Canada: Tri-Tel Associates, Ltd .Toronto, Canada 
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(THEORETICAL MIN) 

Fisure 1. A diagram of level distribution. 



is the {loniiiti'eriiiK f;Kn<)r in {k'ti-rminiiiK 
s/ii. .\(i\v. here is (iiie iiiiiX)naiit piiint. 
Lots of times coiulenser iiiics arc paddwl 
<l(iwn to proveiit aniplificr oxorload. 
What this accimiplishes is the Imveriiig, 
of the s n. The proper thiii),' to do is to 
rt'diire the saiii of the aiiiplitier hy vary- 
iii); the amount of negative feedhact; or 
adjtistiii); the sain control which should 
he in the circuit after the lirst sta(?e and 
hefore the output of the preamp. 

•S. l5ri(l)?inK balanced input of the 
niic preani]) is a coiiiparativeK' new 
approach. It offers operation with an\ 
low - im|iedance microphone. Micro- 
phone output is higher because it is not 
loadetl. Some dynamic microphones 
change their fre(iuenc\- resixmsc with 
dilTerent loads. This is because of elec- 
trical damping the load presents to the 
mic. I'sually. a bridgiii}; load m\^\\\ re- 
sult in a brighter top end. If input 
imiK'daiice is high enou(?li. it is |M)S- 
sible to register peaks produced In- .some 
dynamic luics as hif;h as 0 le\el (on 
close mikinp;). 

4. An expander or soft switch cutting 
the channel gain down when 110 signal 
isi>resent, for all practical purposes ma\- 
improve s/n by an order of 6-10 dH. 
Larger amounts of gain switching 
becoDic noticeable and iirogram n\a- 
terial doesn't mask noise enough, con- 
trasting it with an almost complete 
silence during (|uiet passages. 'I'his 
techni([Ue actually doesn't change the 
noise when signal is present but re<iuces 
only when it can be heard, creating an 
acoustical effect of lower noise. Using 
separate expanders on even,' mic chan- 
nel makes gain shifting less obvious. 

•S. The use of a cardioid mic which in- 
herenth- will reject, b\- a considerable 
amount, all signals originated outside 
its pickup pattern, will further con- 
tribute to the enhancement of s/n. 

6. As we have mentioned before, the 
lowest noise we can hope for in the 



input stage wouUi be rougliK dli above 
the theoretical minimuni of — 1.'?0.9 
(IRm. So far fel's are the lowest noise 
<le\ ices which can oiler us noist' levels 
of —127 dlini. However, don't forget 
yon are trading in some advantages that 
transistors offer. These are: better sta- 
bilitv, higher overload lioiut, and reli- 
ability. It seems that the improvement 
one achieves by using fet's in inic 
preantps iiia\- not warrant the effort, 
especialb' if one considers that im- 
provement is only on the order of 2-.? 
dH and the limiting factor in s/n rela- 
tionsliip most of the time is studio noise, 
tajx; hiss, or other tv iK's of disturbances. 

7. Naturally, if studio noise is one of 
the important factors — it should be con- 
sidered first. Rctluciiig air-conditioning 
noises, better isolation from the outside 
interferences, and damping unwanted 
studio resonances acoustically would 
help in achieving a cleaner signal. 

We have just discussed the practical 
means of separating the wanted infor- 
mation (signals), from unwantal (noise). 
In conclusion we will hnik once more 
into the level distribution graph of the 
mic input stage (Figi ke 1) to visualize 
the effects of the use of the mentioned 
methods of reducing noise. It should not 
be forgotten that somewhere along the 
line, one could adjust the gains or le\els 
within a system, therein- reducing s/ii 
and nullif\ing xour best efforts to 
achieve the lowest iwssible noise. The 
chain is onl\- as strong as its weakest 
link; in this case the weakest link should 
always be the input stage of the mic 
preamp. To check this, the noise of the 
system should decrease as mic preamp 
is unplugged. Wouldn't it be ridiculous 
if tite mic signal woukl be —.SO dRm, 
with 70 dH s/n at the output of the mic 
preai-iip. while the sy stem's s''ii would 
be onl\- 60 dH because the level was 
allowed to drop 10 dH below the mic 
level somewhere along the line. ■ 
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If you buy a"stock" consde, 
be sure you know how it's 
stocked 



By the time you finish adding what you really want, your 
"stock" price is a long way off your budgeted figure. 

That's why we don't have a "stock" console. Nobody 
keeps things like consoles just sitting around. Instead 
we have a basic plan. The RC 168. And it's a lot less 
basic than anybody elses. 

First of all, our basic plan is really planned. Thor- 
oughly. From every standpoint. 

For instance, it comes with complete patching. And, 
any input may be audexed with any output channel. And, 
the wiring is all concealed. And, there are three-knob 
equalizers on all the inputs. 

Moreover, this is one basic plan that stays effective 
for a long, long time. It's a true 8-track . . . meaning it 
will record all 8 channels plus stereo and monaural at 



once! And we've designed in an expansion plan to 
give you up to 24 inputs at minimum cost and no addi- 
tional wiring. 

What's more, we never forgot that a mixer only has 
so many fingers, so long a reach, and can only see so 
many things at once. So, we made it easier for him. It's 
called "human engineering," 

Like eight pan pots. And slide pot monitor mixing. 
And an eye level meter turret. And a complete monitor- 
ing system. And more. 

You can buy a console for less. But you get less con- 
sole. 

We'd like to tell you more about our RC 168. Because 
there's lots more to tell. And when you hear our prices, 
you'll know it's worth hearing about. 



Aude> Buss Selection 
and Monitor Malrixing 



2 Cue Busses 



Complete Tip Ring 
and Sleeve Patching 



Individual Control Room 
and Studio Monitor Level 
Controls Both Stereo and 
Monaural 



Auden Controller 



pert 



ICJ, 



8 stereo 
Pan Pots 



Complete Tone, Talkback 
and Verbal Slate System 



Producers Desk 



Monitor Mixing 





Drop us a note, or call us collect. 

AUOlO 



16 Microphone 

or Line Input (ADM-700S) 

Wired for up to 24 Inputs 



and Manufacturing/ Inc. 

COMPONENTS 
& CONSOLES 

for audio recording 

15645 Sturgeon • Roseville, Mich. 48066 • Phone: (313) 778-8400 
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THE 

GOLD-PLITED 
RELIABILITY 

In this age of planned obso- 
lescence, unreliable perfornnance 
and shoddy workmanship are 
almost taken for granted. But there 
are still a few exceptional products 
that are built to last and one of 
them is the Revox tape recorder. 

Revox dependability is 
a combination of 
many factors, 
but perhaps 
the most 
important 
of them 
is advanced 
engineering. 
Borrowing from 
space age technology, 
Revox gold-platesall of the 
electrical contacts on its plug-in 
circuit boards, relays and rotary 
switches. The result; every one of 
these movable contacts, the ones 
that usually cause most of the 
problems, can be depended upon 
to perform well for the life of 
the machine. Obviously, gold 
plating is considerably more 
expensive than conventional tin- 
ning, but Revox thinks it's worth it. 

Because Revox engineers 
demand margins of performance 
and reliability that far exceed 
ordinary production standards, you 
can own a tape recorder that will 
work perfectly the first time you 
use it and for years to come 
And that's why Revox 
is the only one 
to back its 
machines with 
a lifetime A 
guarantee. ~ 
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REVOXb 

DaiVERS 

WHAT ALL 
I THE REST 
I ONLf PROMISE. 

I-" Revox Corporation 
£ 212 Mineola Avenue 
^ Roslyn Heights. N.Y. 11577 

1721 N. Highland Ave. 
^ Hollywood, Calif. 90028 
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ECHO - REVERBERATION 
SYSTEMS 

• In (loins a little experimenting in 
foiir-ciiannei recnrding and niastcrinf; 
work, I've had occasion to get involved 
with echo and re\erl)eration systems. 
B\ its nature, the four-channel format 
often re<iilires echo /rex crb facilities 
more conijjlex ancl/or flexihie than those 
rc(iiiirecl for repiilar two channel work. 
Howe\er, oxen if you're not inx'olved 
in four-channel (> et). some of the tech- 
niques are suitable for two-channel 
work, and may represent some improve- 
ment in sound (luality. Actually', there's 
nothing terribly new in these next few 
IKiragraphs — the\ 're more of a rehash 
of teclmi(iucs that ma\- have become 
overlooked in the multi-track forest. 

Now that I can't be blamed for talk- 
ing about somethinj; >ou already- know 
all about, let's la\ on a few definitions, 

GENERAL 

Echo: A repetition of soimd 
Reverberation: .A re-echoed soimd 
Delay: To postpone to a later date 
Decay: Progressive decline 

SPECIFIC 

Echo: one (or a few at most) regularly 
spaced repetitions of an audio signal. 
Reverberation: many repetitions, be- 
coming more closely spacinl (denser) 
with tinie. 

Delay: the time inter\al between a 
signal and its echo(es). 
Decay: the time it takes for a sound to 
die awa\-. 

In recording, these terms; eclio-rnrrb. 
and delay-decay, are often interchanged, 
resulting in some confusion. At least for 
the pur[x>ses of this column, echo and 
delay will refer to the output of an 
auxiliary tape machine or similar de- 
vice; reverberation and deca\- refer to 
the output of a room or artificial device 
such as a steel plate, or spring. 

One characteristic of a natural echo 
is that it does not originate at the same 
[loint as the direct sound. The term 
echo usually iniiilies a signal displaced 
in time and siwce from the original 
ECrtmd, 

In a two-channel program, there is 
not too much one can do about the 
sjxice factor, since we are more or less 
limited by the distance between the two 
speakers. If the direct signal is located 
in the center, the echo might be panned 



left or right. However, then the total 
signal may sound one-sided. If the echo 
is also placed in the center, one loses 
most of the sense of sjiace. -Xnd if the 
direct signal is put on say. the left, with 
the echo on the right, a ping-jxjng ef- 
fect may result. 

Since a re\ erberation de\ ice produces 
(or simttlates) a series of echoes, it usu- 
ally will sound more natural than a 
single echo. Unfortunately, many arti- 
ficial reverb devices have oul\- one out- 
put, thus restricting their etTectiveness, 
since another important factor of natu- 
ral echo or re\ erberation is its omni-, or 
at least multi-directional nature. If 
your re\ erb units have onK' one output 
each, it may well be worth feeding two 
miits from one echo send line, and re- 
turning the outputs to left and right. 
Then, regardless of the location of the 
direct signal, the reverberation will 
sound a little more spacious. The two 
returns, panned left and right, are not 
the same as a single return in the center. 
A single return is just another mono 
point source, and although the two re- 
turns are. of course, both iwint sources 
too, they are at least somewhat dilTerent 
from each other, and will create more 
of a feeling of sikico. 

A reverberation device does not de- 
lay the signal jKissing through it. so for 
further inipnn-ement. a ta[X' delay sys- 
tem is often inserted before the rexerb 
device. By \ ar\ ing the delay time, dif- 
ferent sensations of listener-to-source 
distance may be approximated. Oen- 
erally. the closer one is to a direct signal, 
the relatively further away (delayed) 
are the redected signals. Thus careful 
adjustments of delay time may also 
enhance the special pers|x>cti\e. espe- 
cialK' if the complete program contains 
more than one dela\- time, .so that the 
car references one against the other. 
i:\ en the contrast of a delaved feed on 
some signals \ersus a direct feed on 
others may be elTective. 

Optimum results are probably 
achieved b\- a combination of echo and 
re\erberation. That is, one or more de- 
lays are combined with the direct 
sound, and an additional dela\ is used 
to feed a reverberation chamber. Often, 
the dela\ device outputs can be fed 
back into its own input to produce a 
long series of delays that decay ex- 
|K)nentiall\-. 

Many studios cannot alTord the lux- 
ur\' of assigning a room as a reverbera- 
tion chamber. CcneralK-, a recording 
studio is in a high-rent district where 
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"High quality pressings 
begin witli quiet lacquer masters' 

John Eargle, Chief Engineer of Mercury Records. 

"We should never forget the impact that a low-distortion, low-noise 
master tape can have on the sound of a well made pressing. 
Recent studies* have shown that pressings benefit from the use 
of the Dolby System even under the ideal conditions of cutting 
master lacquers from original low-noise tapes. Under more usual 
conditions the cutting is done from tapes once and even twice 
removed from the original, and in these cases the benefits of 
noise reduction are all the more apparent." 



•John M. Eargle. "Perfofmance Characteristics ot the Commercial Stereo Disc." J. Audio Eng. Soc. 17. 416 (1969). 




Write for full technical details and advice on how the Dolby 
System can be of value in your own professional audio recording 

or transmission application. 



□□□□LBY LABORATORIES INC 

333 Avenue of the Americas New York N Y 1 001 4 
telephone (212) 243-2525 cables Dolbylabs New York 

tor international inquiries: 

346 Clapham Road London S W 9 England 
telephone 01-720 1111 cables Dolbylabs London 



Contact us for the name 
and address of your 
nearest professional 
Dolby System dealer. 
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THE ABSOLUTELY 
UNVARYING 
CONSIANT 
SPEED FACTOR 

Of all the parameters 
affecting tape 
recorder perform- 
ance, few are as im 
portant as con- 
stant speed. 

Considering 
the havoc even 
comparatively ^ 
small speed variations 
play with recorded 
sound, it's rather surprising that 
most tape recorder manufacturers 
seem to give short shrift to this 
vital, performance affecting fea- 
ture. On the other hand, the 
manufacturers of professional 
recording equipment go to great 
lengths and expense to insure both 
short and long term speed stability 
and constancy. And so do the 
people who make the RevoxA77. 

The Revox A77 is the only 
machine in its price class that 
incorporates a servo-controlled 
capstan motor that automatically 
adjusts and corrects itself so as 
to guarantee a maximum speed 
deviation of less than .2%. 

According to Audio Magazine, 
"The electronic speed control held 
the speed exactly 'on the nose' at 
all input voltages from 135 down to 
92... and at all frequencies from 
40 to 70 Hz". Stated simply, this 
means the Revox is unaffected by 
those all too common fluctuations 
that occur in both line voltage and 
frequency. 

When you consider the uncom- 
promising design philosophy, 
meticulous craftsmanship Z' Tl 
and outstanding - 
performance 
built into every 
Revox, you begin 
to understand 
why we say . . . 

REVOX 
DELIVERS WHAT 

ALLTHE REST 

DNLf 

^^■hrihABM^Hi Revox Corporation 
■■■■■■■■IPC^ 212 Mineola Avenue, 

nfuinidCi iTu^T'^- 

1721 N. Highland Ave.. Hollywood. Calif. 90028 
In Canada:Tri-Tel Associates. Ltd., Toronto, Canada 
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cv ury iiu'ii has to he accotintt-d for, and 
a few tlioiiMiTui riil)ic feet set aside for 
reverl) ran lie an expensiv e proposition. 
Il(nve\-er, foiir-ciiannel may euemira^e 
?(nne re-tliinkiuf; on this jKMiit. .\ natu- 
ral rexorheraiion flianiher ina\- easih- 
1)0 e(nii]>iK'(i w itii more than one sjK'aker 
and niirropiuine. Stereo rooms often 
sound rtmspiciioiisiy Inciter than other 
de\ ires. It follows that more than two 
oiiliutts mifiht 1)0 an advantage for 
fotir-rhannel work. l-"oiir rardioifl mirro- 
pluines with ditk'rinsj frf(Hienr\- re- 
spottses could lie fed t() tlie four trarks, 
thus K'^'i'S iliffereril, thotiKli related, 
reverl) information at earh siK-aker. 
I'jesiimahK', no more than two speakers 
within the re\ erheratiim chaniher would 
he reipiired. 

Cettin;; hark to two-channel, a K""d 
general piirixisc eeho/re\ erl)eraiion sys- 
tem ran he ass^eml>le<l iisiii)? two erlio 
send lines, which I'll lahel left and 
risht. .A dircrt sij;nal iKinned to the left 
should use the ri^ht erho send, and {ice 
versa. The left erho send line feeds track 
1 of an aijxilliar\ foiir-trark tape rna- 
rhine. The track 1 otitpllt is retiirnetl 
to the right prof;rani trark. and also to 
the anx. track ,S input, whose output 
feeds one side of a stereo reverb cle\ irc. 
In the sjime manner, the rifilit echo 
send line is fi-d to tracks 2 and 4, and 
the <)tlier side of the re\erh de\ice. 
Larking two inputs, yon rotild romhine 
the trark ^ and 4 outputs. However, 
the reverh device shtniki have two oiit- 



jnits, even if this means iisiiiK two units. 
In that rase, the inputs slunikl be mi.xed 
loKcther. perhaps in tine(|iial proiwr- 
tions. The reverb dev ice outputs are 
iwuined left and right. 

This s\stem i)resiip|>oses two extra 
echo-send lines. If these are unavailable, 
\(>ii minlit try feeding the aiixiliar>' 
tai)e machine directly from your left 
and right program buses, although this 
means that \our entire two-trark mix 
is sent to the echo/reverb system. De- 
pending (HI the nature of the program, 
this may or may not be effertivc. 

Or, if yoti have unused trarks (it'll 
never hapi)en) on ycnir multi-traek 
master, you could prepare, and record 
on these tracks, an echo program prior 
to your final mixnig session. If you tr>' 
this, keep in mind that when you play 
back the complete tape, including the 
newly-recorded echo program, the echo 
program will have a built-in delay ror- 
res]ionding to the distance lietvveen 
your record and playback heads. If this 
delay is unsuitable, you can either play 
the erho program from the record head, 
or use the rerord head wlieu ])reparing 
the erho tracks. 

Then again, \-oii could tell the pro- 
ducer that all the in crowd aren't using 
echo or reverb any more and that the 
new sotind is dry all the way. He prob- 
abl\- won't believe you, but after you've 
shot a few lunirs tn,ing to get some of 
the above sy stems to work, he may be 
readv to surrender. ■ 



Theory and Practice 



NORMAN H. CROWHURST 



• Having roxeri-d the (piestions of 
s[X'aker units for low fre(|nenries. uiid- 
range and high fre(|uencies. and arrange- 
ments for gtxKl stereo, one recurring 
(piestion remains, connected with the 
s|»eaker end of a system. This is what 
kind of crossover to use and where. 

If a two-or nuilti-way s[)eaker system 
is l(M-ated at the other enil of a con- 
nerted cable from the amplitier that 
drives it, simple econoiuics of connec- 
tion suggest that the electrical crosso\ er 
should be i>art of the loudsi)eaker 
asseniblv. so only 2 wires are nee<led 
from the aiuplilier to the .sjK'aker. IJut 
assuming this is <lerid«l. a recurrent 
(|Ucstion then concerns series versus 
])arallel type crossover networks. 

.■\ long time ago, somebody s;ii<l that 
the |KiralleI variety was best, for some 
reason or other, which now seems to 
have iKX'oiiie lost in the past. Because 



I have siiid that, some reader will 
jirobably dig up the reference(s) and 
let me know, in which case I will be 



AMPLIFIER 




PARALLEL 



AMPLIFIER 



SERIES 

Figure 1. A comptrison between parallel 
and series connection oF speakers at an 
amplifier output to show the reason, based 
on datnpins, usually expressed For preferring 
parallel connection. 
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We have 
a stndio 
wherever 
you are ! 




re 

The most modern 8 or 16 track mobile recording unit in the world. 1- 
For more information call: Larry Dahlstrom or Aaron Baron at (212) 586-8565. I 



Location ReCOrdOrS, Inc. 429 west 46 street New York, N. Y. 10036 
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Now! 

get all your 

Audio/Video 

needs 
under one 




• Professional Audio and 
Video Equipment. 

• Recording and Broadcast 
Components. 

• Hi-Fi Stereo Systems. 

• Sales □ Installation - 
Rentals □ Repairs. 

Special Playback 
Systems 
For Producers 

Brand New from 
Sony Superscape 




Professional Quadradial Tape Deck 

Now at last! The first reasonably priced 
professional performance quadradial tape 
deck. Features: 3 motors; in-line heads 
for mono, stereo or quadradial record- 
ing; plus all of the other quality features 
of the Model 650 making the Model 
654-4 the perfect recorder for the pro- 
fessional audlophile's quadradial system. 

Before you buy your next tape deck 
audition the remarkable new Sony 654-4 
at Sonocraft! 

Write or call tor additional inlormation 



25 West 3Bth' Street. New Yorh, IQDIB 
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FIsute S. The eFfect of damping factor on frequency response. The 
solid curve represents a typical Impedance curve. The dashed line 
is an ideal constant-voltase frequency response (it may not be this 
Sood). The solid curve also represents the frequency response when 
fed constant-current, or from an amplifier with a low damping factor. 



pleased to pass on more precise informa- 
tion alHiiit this imint. 

However, when damping factor be- 
came a fashionalilc topic (and I believe 
the series rs jMrallel crossover dis- 
cussion started before that) a more 
obvious reason came to the fore. 
Parallel connection means each unit — 
low and high — gets the benefit of the 
amplifier damping factor, without hav- 
ing the other unit in series with it 

(I'lGURE 1). 

This may have been a legitimate 
argument for multiple speaker units, 
used without benefit of crossovers. With 
all the speaker units active in the same 
frequency range, impedances reflected 
by any of them could affect others in the 
grou]). Thus putting speakers in series 
meant that each unit had others in 
series with it, to act as impedance 
between it and the low source imj^ed- 
ance provided by the amplifier's high 
damping factor (assuming the amplifier 
had a high damping factor). 

However, e%-en in this relatively 
simple situation, the argument had 
some limitations. If all the units are 
identical, which often is the case, they 
also have sensibly identical perfomi- 
ance. In addition, they often ]X)ssess 
acoustical coupling between their out- 
puts. 

Whether or not acoustical coupling 
liclps, a nuniljer of identical units in 
series will produce « times their identi- 
cal ini|Mxlance characteristic, while the 
siimc units in jjarallcl will produce the 
same iniijedance characteristic div ided 
by II. 

The theorj- of damping factor usually 
set forth is that the low source resistance 
represented by a high damping factor 
allows current damping of \oice-coil 
overshoot: it gives more precise con- 
trol of voice coil movement, in accord- 
ance with the audio output voltages. 

The argument for parallel connection 
is based on a concept of the amplifier's 
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internal impedance acting like a short 
circuit strap across all the \oice coils 
connected in parallel, which cannot act 
directly across each one, when they are 
connected in series. This argument 
makes the mistake of considering one 
unit at a time, assuming all the other 
imits are inert imixxlances meanwhile. 

If the units are sensibly identical, 
then each will want to produce sensibly 
the same overshoot, in res|x»nse to the 
same initial audio input, all at the same 
time. Connecting them in series will 
cause all the motional voltages to add. 
So the short-circuit effect of the ampli- 
fier damping factor will cause just as 
much current to flow through all the 
voice coils in series, as would flow 
through each, if they were independent- 
ly short-circuited directly, or in iKirallel. 

While high damping factor undoubt- 
edly can improve transient i)erform- 
ance, its more obvious effect is on 
apparent frequency response. A speak- 
er's frequency resjwnse is predicated on 
constant-voltage input to the voice coil. 



AMPLIFIER 
OUTPUT 



OTHER NETWORK 
— - O.C. 



PARALLEL 



AMPLIFIER 
OUTPUT 




OTHER NETWORK 

— sc 



SERIES 

Figure 3. The actual eFfect of parallel and 
series networks does not make much dif- 
ference to the coupling of damping factor 
to each speaker unit within its own fre- 
quency range. 
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When you know what it takes to make a TEAC, you know why professional people 
wax lyrical about our A-7030. 

This is a no-nonsense pro-quality tape deck, with unrivalled sound reproduction at 15 or 
ips. A streamlined solenoid control system for effortless operation. A system that makes 
cueing as easy as pushing a button. Automatic rewind and shutoff for built-in convenience. 

The A-7030 is the sum of many systems, and the sum of our savvy in producing them. 
It's the head of our whole fine family of tape decks. 

So if somebody wants to write a sonnet on it, we've got a great line for them. 



SOUNDS LIKE 
POETRY TO 
THE PROS. 




1 



A-7030 



Dual-si)oed hysterosis-synchronous 
motor for capstan drive 

Two heavy duly 6-pole capacitor-start 
induction motors for reel drive 
Tape tension adjustment 
Massive inertia! tlywheel, over 114 [wnds 

Instant off-the-tape monitorinj; w ithout 
interruption of recording 
Sound-on-soiind and echo with simple 
external connections 

Built-in mike-line mixer 

Stainless steel panel reinforced with 
13/64" aluminum base plate for assured 
stable performance 



TEAC 

TEAC Corj)orution of America 
20(10 Colorado Avenue 
SanU .Monica. California 90404 





If you can't 

see the 
difference 




and you don't 

hear the 
difference— 




the long-lasting 
quality will 
tell you— 

IT'S A QUAMi 

The Quality line 

lor every speaker need 

aUAM 

Quam-Nichois Company 
234 East Marquette Road 
Chicago, Illinois 60637 
Phone: (312) HU-8-5800 
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Figure 4. These are possible circuits, using from one to four reactance elements in each 
section to give constant resistance performance. Reactances are given in terms of terminating 
resistances at the crossover frequency. 



A low damping factor (high source 
resislaiuf) makes the amplifier output 
inort- closely approximate constant- 
current outinit, with changing fre- 
<|uency of constant input level. 

Thus ixiints on the speaker's im- 
pedance curve where iniix-ilance rises, 
notably at the resonance and the higher 
fre(|iiencies, will get considerably more 
output coniijared to that at other fre- 
(juencies, when the si^aker was de- 
signf<l to be sensibly flat for constant- 
voltage input (Figure 2). 

This action will be similar, provided 
the amplifier is properly matched 
whicliexer way the\- are connected, 
whether the individual s])eaker units are 
connected in |xirallel or in series. I'sual- 
ly the best choice is dictated l>y what 
will most readily match the amplifier's 
output. Putting them in series pro- 
duces a higher impedance than the 
individual unit iniiiedance, in jjarallel 



lowers the resultant connected to the 
amplifier. 

Hut back to the crossover question, 
wliere units are not identical, and they 
are not both (or all) virtually connected 
to the amplifier at any particular 
frequency: each speaker unit accepts 
its own frequency range, with little 
overlap between the units' acceptance 
of audio power as fre<[uency changes. 

When a parallel-connected crossover 
is used, the units not recei\ing audio 
power at any frequency present an 
inipitiance that nins higher than the 
matched impedance, and thus does not 
materially draw current from the 
amplifier's output. The amplifier's 
source resistance is connected almost 
exclusively to the speaker unit that is 
working at that frequency. 

When a series crossover is used, the 
section feeding the units not receiving 
audio power goes to a low impedance, 
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September, 1970 

DEAR RECORDING INDUSTRY: 

Because of you I Ve had to type over 
1,000 personal letters to your response 



about our new product, KEPEX. 
My fingers are sore! Thanks. 
Warmest Regards, 



Vice-President ffU 

ALLISON RESEARCH 
7120 Sunset Blvd. 
Hollywood, Calif., 90046 

P.S. The demo-tape on KEPEX is still being 
offered. . . . free, of course . 



P. P.S. See me & a real-lifesize 7 foot tall 
KEPEX at our Kool-Aid® stand. 
Booth 67-68, A. E.S. Convention. 




ENERAL POOOS CORP, 
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profit 
from 
cassette 
& cartridge 
duplication 




inlbnics 




Produce 1.400 to 30,000 C-30 
cassettes per 3-shi(t workday 
on the new Infonics Super 
Cassette Duplicator, It offers 
professional-quality 12,000 Hz 
frequency response . only S3795 
Produce 3 eiglit-lrack 150-foot 
cartridge tapes per minute at 30 
ips on the professional Infonics 
D-8 Duplicator. Thie single-pass 
D-8 gives 12,000 Hz response and 
puts you in tfie fiigfn-profit 8-lrack 
business for only S6495 
Send lor free color brocfiure today 



■o 



1724 Cloverlield Boulevard 
Santa Monica, California 90404 
(213) 828-6471 ■ Cable: Infonics 
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and thus hypasses them, so the amph- 
t'ler still fonnt'its \irtually directly to 
tlie units receiving |xj\ver at a jiar- 
tictilar freciiieney. So asjain, the dif- 
ference is imicli less than the theoreti- 
cians who made a big case of it would 
suggest (Figure 3). 

Choice hetween series or parallel 
connected filter sections may be based 
on a more practical factor than the 
theory- we have just discussed. All 
lilters are designed on the basis of feed- 
ing a resistive output impedance at each 
network output. Under that hypo- 
thetical condition, either type of cross- 
over rellects a single impedance at the 
input, equal to the imiicdance con- 
nected to each output as a load. 

The practical deviation from this 
i<lcal comes in the fact that loudspeakers 
do not ordinarily possess jnire resistance 
impiHlances. Notably the dynamic type 
possess an inducti\-e characteristic at 
the upper end of their useful response. 
This is taken into consideration in 
taking their fre<|uency resjwnse, by 
feeding from a constant-voltage source. 

Hut a correct coiistant-\ oltage source 
does not diminate possible problems 
with the performance tif the crossover, 
due to the fact that its networks may 
not be correctK- terminated at their 
()Ut|)uts. In iKirticular, the low-fro- 
([uency unit will often present an in- 
jluctive load at the crossover fre<iuenr\'. 

This can be compensitted for by 
choosing a network that includes a 
series inductance element at the low- 
fretiuency output, which is true of 
(larallel-network contigurations (,\) and 
(Iv) of F I (if UK 4, and of series con- 
tigurations (D) an<i (II). The elTective 
voice-coil intluctance can then be 
subtracted from the design value for the 
network used. 

As these networks provide ditferent 
roU-olT rates, the choice of configuration 
nuiy depend on the rate of roll-otT tle- 
sirifl. I'or tj-tlH/oftave and 18-dH/ 
octave, parallel networks suit best. F'i>r 
12-<IH octave anti 24-dB/octave, series 
networks suit best. 

This brings in two more practical 
factors: roll-otT rate and phase dif- 
ference. Roll-off rate is usualK' chosen 
to i)rovide the best separation or merge 
(according to how you \ icw it) between 
the iniits. On the one hand, de\-iations 
in the response of the unit going out of 
use should interfere as little as i)ossible 
witli the one in use, which calls for 
seiKtration, so that each tniit dominates 
as definitely as jxjssible within its ow n 
fretjuency range. 

On the other hand, where one unit 
takes over from the other — at crossover 
fre<;iuenc\- — both need to work to- 
gether, or merge, so there is not a dis- 
continuity in the frequency response at 
this |)oint. This leads into the phase 
problem. 

Electrically the output from the cross- 



over maintains a constant phase dif- 
ference, for each t\-pe of network. For 
(A) aiitl (B) of FiCLKE 4 giving 6-dB/ 
octave roll-olTs, the constant phase dif- 
ference is 90 degrees, or quarter of a 
wa^e. For (C) and (D), the 12-dB/ 
octa\'e networks, the constant phase 
dilTerence is 180 degrees, of half a wave- 
length. l"or the other pairs, the dif- 
ferences are 270 degrees or 3/4 wave, 
and 360 degree or a full wave, res|)cc- 
tiveh-. 

For outputs from the two units to 
merge acousticalb', they need to be in 
phase. Most multiwa\' units aim to be 
coplaner, which means their (liaphragins 
are in the same plane for this to work 
correctly, both diaphrams should move 
together, in phase, at the crosso\er fre- 
quenc\'. 

The onl\- way this can be achieved 
with coplanar units is to use a 12-dB/ 
octave or a 24-dB/octave network. 
With the 12-dB/'octave t\ |5e, the units 
are connected antiphase, ainl the shift 
in the networks corrects it. For the 
24-dB/octave t\ pe, they are connected 
ill phase, with a whole period dilTerence. 

For each of the other t\ pes of cross- 
over, the fliaphragms should have a 
([uarter-wave displacement at crossover 
freiiuency, so the wave from one unit 
has time to tra\ el to get in jdiase with 
the wa\-e from the other. F'or the 6-dB/ 
octave crossover, the high-fre(|uency 
unit should be mounte<l (piarter of a 
wavelength behind the low-fre(iuency 
unit. F'or the 18-tiB 'octave units, the 
low-frequency unit should be a ciuarter- 
wave in the rear. 

Actually, the ixjsitioiis can be re- 
versed from those rules, merely In- re- 
versing the connections of one voice 
coil. This will result in the waves 
generated by both units at crossover 
freqttencN' emerging in phase. 

That about covers the matter of 
using electrical crossovers with nnilti- 
way speakers. W'e have avoitled the 
question of how inqiortant are the 
phase shifts that occur between dif- 
ferent frefpiency comiwnents of the 
program signal, or of the introduction of 
Dopplcr distortion by having the same 
tmit hantlle too wide a frequency range. 
There are many angles to this o\ er-all 
question. 

This discussion was based on the 
assumption that we had decided to use 
multi-way units, for whatever reason, 
and then we tackled the question of 
which way to do it best. The one thing 
we ha\-e not tackled is the choice be- 
tween electrical crossovers at the output, 
directly at the feed to the speaker units, 
which we have treated here in some 
detail, and using frequency dividers at 
an earlier stage, with separate power 
amplifiers to feed each speaker unit its 
frequency range se])arately. 

So we still have more to discuss in 
this same general subject area. ■ 
Circle 28 on Reader Service Card-^ 
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Scully... the in sound that's outta' sight 
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VERSATILE! | Sound with Image' 




MARTIN DICKSTEIN 



Model 550 Equalizer 

• Shelving or peaking curves 
independently selectable for upper and 
lower ranges. 

• Transformer coupled output to 
+ 28dBin. 

• Low noise and distortion. 

• Panel mounting m" X 5y4\ 

• Utilizes Automated's 2520 Op Amps. 

The Model 550 Equalizer is designed as a 
channel module with reciprocal equaliza- 
tion at 11 frequency points in 5 steps of 
boost or attenuation to a maximum of 12 
d6. These points are divided into 3 ranges, 
with the upper and lower ranges indi- 
vidually selectable as either peaking or 
shelving. A band-pass filter (50 Kz to 15 
kHz] is switch selected independent of all 
equalization settings, and a push-button 
In or Out switch with tally light inserts or 
removes equalization without clicks or pro- 
gram interruption. 

The virtually limitless range of repeat- 
able curve shaping combinations provided 
by the Model 550 makes it ideally suited 
for all types of music or voice enhance- 
ment and effects equalization. 



PROCBSSgSJMC. 

as CEN'THA.L DRIVE 
FAHMINGDALE. N.V. 11739 
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THE NAVA CONVENTION 
AND EXHIBIT 



• Within llic past two tinmtlis. atidid- 
visiial (IfaliTS, systfiii <lesif;ilt.TS. lisiTs, 
and anyoiH' el.se interested in si-eiiig and 
lieariiif; ahoiit the latest in c<im-e|)ts 
and e(|tii|)tiuiit iti this field, had the 
o|)[)(irtimity t(i attend either of two 
nr l)iith) eonveiltioiis and f.vhiliils held 
in the l-'ast. 

'I'he first «as held in Washinntoii, 
D.C. ffoni July 18th-21st hy the 
.National .Aiidio-X isiial Association (.\.\- 
\'.\) 'The suhject: Media '70: Edututioit 
Througli Comnutnicalion. Ihe second 
was the .\nierioan Management Asso- 
< i:ition"s 6tli Annual Conferences anil 
K\iiosition on luliicatioii and Trainin),'. 
held from .-\iiniisl .^rd-6tli in New ^'urk 
City. The inforiiiation presented herein 
will he on the first of the conventions. 
Details on the later one will follow in 
the ne.\t colutnn. I'or those who did 
not attend either of the conventions, 
we h(>iie to offer a few interesting liigh- 
lifjhts with a \ie\\ towaril ha\ tni; jdii 
seek further infornitition. I'or tho.-K.' who 
attend either or lioth. perhaps we will 
refresh or joj; a memory into re(|Ue.stinn 
more details or even mention soiiH'thinf; 
that ma\ have heen missed. 

l-'or those not familiar with .\.\\ A. 
it is the national trade asj-ocitition of 
the commercial audio-visual industry. 
Menihers incliidi' dealers and niatiii- 
factiirers of audio-visual e(|uipment, 
producers of films and other materials 
uswl in a-v work, film rental libraries, 
and professionals olleriiif; ser\ices in 
the a-v fiekl, as well as associate niem- 
hers who are intereste<l. Imt not ami- 
niercially involved, with the audio- 
visual industry. whose of'fice 
is in I'airfax, \'a., annually runs a con- 
vention and trade show as well as a 
•stdes trainin); institute. .\'ext year, 
.\.\\'.\ plans to nin its 32nd annual 



convention in Cincinnati. Ohio. ,|id\' 
17th to iOth, 

Sales meetings were, of course, held by 
\ arioiis exhibitors at breakfasts, lunches, 
dinners, anil cocktail parties. A full 
])ronram was also provided for the 
ladies attendiuff. 

In the address by .\A\'A President, 
.Man I'. Twyman, some excellent advice 
was ni\en. Mr. Twyman said: ". , .the 
Companies who sell price alone rather 
than price anil services, will be left 
behind. Our markets demand and 
desiTve service and considtalion. . . .If 
yon. . .fail to provide \o;ir market .s 
\v ith the service.? the\- ni'ed, must have, 
and are willing; to pa\- for. \o-.ir markets 
are willinn to by-pais you. . .If all yon 




Figure 1. The Honeywell Elmo 1 6-S pro- 
jector. It h«s 2000 foot capacity and ilill 
and reverse direction capability. The single 
button under the front of the handle sets 
both the automatic threading mechanism and 
turns on the motor. 
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Noreico 

introduces 
custom mixers 
from Steele. 



MDl6RFa 




■ Current dependent mixing allows for console 
configurations from 8 inputs with 1 output, to 16 inputs 
with 8 outputs. ■ All Noreico MD consoles utilize Danner 
silicone encapsulated attenuators. ■ Up to 4 echo send/ 
return channels. ■ Switchable equalizers providing high 
end, low end, and presence equalization. ■ Panpots on 
each input channel (MD16RF8 only). ■ Switchable input 
sensitivity. ■ Stereo monitoring facilities. ■ Built-in 5 
frequency oscillator. ■ Prelisten, talk-back, and 
program-distribution channels. ■ All connections via 
floor level screw type terminal strips. ■ Insertion points 
for external signal processing equipment. ■ Detailed 
individual test reports accompany each Noreico custom 
mixer, assuring guaranteed performance. 

Your Noreico MD mixing console can be operational 
in a matter of hours. IVIany versions in stock for 
immediate delivery. 
Noreico MD8R1: $6,648 
Noreico MD16RF8: $22,950 



Now dozens of custom console 
configurations assemble 
from 4 unique modules. 
Result: the first custom 
consoles with mass-production 
price, reliabiirty and delivery. 



PERFORMANCE SPECIFICATIONS 



Freq. response: 40 . . .15.000 Hz *0.5dB 

Distortion: less than 0.5% 

Gain: 101dB 

Output level: +18dBm 

Relative noise input: better than — 120dB 

Cross talk: better than 80dB 




MD12RF4 Console 
provides 12 inputs, 4 outputs 
and 4 switchable equalizers 
I for $10,470. 



fore/co 



muPS BROADCAST EQIIPMEM CORP. 

» NOHTH AUEHIC«N PHILIPS COMPAS* 



a. 



3 



One Philips Parkway, Montvale, N.J. 07645 (201) 391-1000 
Ciirli' 31 o)i Ri'iidcr Snvice Card 
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I (io is ship and bill, who iiocds you.''. . . 
riie con)|)atiies who suivive ilie '70's 
will he tlie most professional in the 
I bunch. The profrssioiials in Our in- 
I duslix' realize now that, ihey litiven'l ail 
; the answers. Bui what makes them 
professional is ihe fact that ihey will 
take the time to hnd out: aii<l to do some- 
thing ali()ut it." 

Meetings were hold by the six 
N.\V.\ Cotmcils: Audio- Visual E<iuip- 
ment Maniifacinrers' Council. A-V 
Systcnts Council. Dlucational Ma- 
terials I'nxhicers'Council. Film Coun- 
cil, Industry and Husiiiess Council, 
and Religious Council. \t the S\'Stems 
Council meciiii);, where the purpose of 
i:he mcering was to further the knoul- 
(•<lge of members in t he lields of system 
design, application. installal:ion and 
operation, one of the speakers. Mr. 
Lugeiic Deinick. picked up the iliread 
of .Mr. Twyman's remarks in expressing 
the philosophy behind the success of 
licrgen Rxpo S\ stents and Uergcii .Mo- 
tion I'icmre ,Ser\ ice. Inc.. Lodi. .\.[., 
of which Mr. l)emick is rresideni. 

-Mr. Demick s;iid: ". . .we do not sell 
shop facility. W e sell iibility\ . . .the real 
answer to aiidio-visnal expertise lies in 
abilir^^ . . not facility. . . .To be siic- 
ccssfid in oui industry dcnian<ls that 
you gain access Io the best talents 
a\-allalile. . .Iton't; be afraid to work 



Now! B-Channel 
Audio Distribution 
AfliPlifier from 
FAIRCHIID! 



I 8 independent amplifiers 
which can be connected to 
one or more sources. 
I Self-contained Power Supply. 
I Bridging inputs. 
I IVlaximum Output: +15 DBM. 
I S/N Ratio: 90 DB 
at maximum output. 
I Compact Size: 
3"x5i/4"xlOi/4' 




For complete details 
write today to: 



IVIodel 
DA415-8 
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FAIRCHILD 

Sound Equipment Corporation 
10-40 45th Ave.. L. I.e., N.Y. 11101' 
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Figure 2. The television Dolly-Lite unit 
can be handled by one operator. Every- 
thinj Folds into the unit for storage. 



with oiliet iK'oplc in oiu industry. 
Doii'i; be afiaid to lake unot^her com- 
pany into the deal with yoLi. . .even 
if thev are a competitor. . . . Becatisi' 
Bergen is not afiaid to subconlracr 
work, our faciliu is unlimiled."' Mr. 
Deniick s;iid that his shop, which 
owns no sophisticated machine tools, 
and has a facilit\ of onh- ;il)0(it 2.01)0 
s(|uare feet, was the major .■\merican 
supplier of audio-\isnal s}sieiiis at 
Cxpo '67 iti Montreal and is now main- 
taining all the a-\ exhibits in the U..S. 
Pavilion at l".x|)0 '70 in Osaka. Jtipan. 
as well as pro\iding e<niipment and 
services to several major Installations 
in the New ^'ork City area. 

To indicate the size of the |)iesent 
a-v market. Mr. Hope of Hope Ue- 
poris, kochesrer. \. \ ., indicated at the 
lndiistr\ and liusincss Council that 
". . .investment in the audio-visual 
coninnmiralion media in t96'> was tip 
7 |)er cent over I'JdSas total six-nding for 
pttxiticts, services, and |XMsormel reached 
i:he recot<l level of Sl.-t4 billion. . In 
1%'), biisiness and industrial buying of 
a-v prodncis was greater than that of 
schools and colleges for the first time 
since 1%5." Mr. I 1o|H' i)redicted con- 
tiniiecl growth for the a-\- indiislr-\- and 
forecast a S-t billion market b\' IWO. 

Coticurrent meetings of a-\ users 
incluiled sessions of the .\-\ Con- 
ference of Me<lical and .\llird Sciences, 
The 11th Annual N'atiotial .-\-V Educa- 
tion ronnii. The Industrial A-V .Asso- 
ciation and the Religious A-\' Con- 
ference, the last nanieti s|)onsort<l 
1>\ The Cotiticil of Churches of dreater 
\\';ishingion. The Jewish Conimiiuit\ 
Council of Greater Washington, an<l 
The Religious Council. S.\V.\. 

The exhibit featuitfl displays by 
o\er 20O tiniis. sotne providing only 



www.americanratdiohistorv.com 




you should 

read 
before you 

laugh 



I 



Cartridge design is no joke 
with our talented, imaginative 
Danish designers. When they 
say "groovy", they're talking 
about the Bang & Olufsen 
SP-1 2 cartridge and its high compliance, excellent 
frequency response, and amazing channel separation. 
□ They call it "groovy" because an ingenious, exclusive 
Micro-Cross mount for the stylus allows the solid one- 
piece diamond to float freely in the record groove, 
reach the most sensitively cut undulations. The result is 
crystal clear reproduction of every tone hidden in a 
record. □ Your hi fi dealer knows the story of Bang & 
Oiufsen cartridges and the Micro-Cross design that is 
carefully created in Denmark, presently earning rave 
notices from European hi fi experts, and now available in 
the United States for the first time. Ask him about us. 
Or write for details now. 

SPECIFICATIONS ■ Stylus: Naked Diamond (5X17) n Elliptical (LP). Fre- 
quency response: 15-25,000 Hz ±3 dB 50-10.000 Hz ±1V2 dB. Channel separa- 
tion: 25 dB at 1 ,000 Hz 20 dB at 500-10,000 Hz. Channel dillerence: 2.0 dB. 
Compliance: 25 10 «■ cm/dyne. Tracking force: 1.0-1.5 grams. Output: 1.0 mV/ 
cm/sec. 5.0 mV average from music record. Recommended load: 47 K ohms. 
Vertical tracking angle: 15°. Weight: 6.5 grams. Mounting: Vs" Standard 5 
Terminal connection incl. separate ground pin. Balanced or unbalanced. Re- 
placement Stylus: Original (5X17) ^ Elliptical (LP), type: 5430 or 15 n Spheri- 
cal (LP), type: 5429. ■ MODEL SP-12 $69.95 

Bang&Olufsen of America, Inc. 

525 EAST MONTROSE/WOOD DALE, ILLINOIS 60191 
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TIMEKEEPER 

ppecision 
itislputnetits 




$29.95 





$22.50 



CERTIFIED HYGROMETER 
NO. 167 

This model is certified to be 
accurate within 2%. Dial 
indicates range of 0 to 100% 
relative humidity. Each 
instrument has been tested at 
three different positions of the 
dial at temperatures ranging 
from 32° to 230° F. Original 
calibration and certification 
done at the G. Lufft 
Metallbarometerfabrik, GmbH 
Stuggart under the standard 
conditions of the Federal 
Republic Test Society. Casing is 
solid brass gleaming finish, 
black dial with white numbers 
and lettering, red tipped 
pointer, casing is drilled for 
wall mounting. Direct reading 
dial. Size is 6" overall, 
dial face is 5" diameter. 



MODEL 13 BAROMETER 

This fine precision barometer 
. - is the same size and general 
appearance as the Certified 
Hygrometer No. 167. 
Features an open dial graduated 
from 28 to 31 inches with a 
visible precision polished 
mechanism and solid brass case. 



MODEL 123 DIAL 
THERMOMETER 

A precision thermometer to 
match the above units and is 
often used with them to make 
a matching set. Large, easy to 
read dial graduated in 2 
degrees. Range minus 30° to 
plus 130° F. Same case 
specifications as No. 167. 



GUARANTEE 

100% absolute satisfaction or your money returned 
within 10 days without question. To order send check 
directly to-. 



hardware. otIuTs supiilviiiK liotli liard- 
wari' aiifl software, ami siiiiu' fiirnisliinp 
auxiliary ami accessory scr\iccs to the 
a-c market. To attempt to rim down 
the lif;t of exhiliilors or to try to ile- 
f-crilie, even hrieth-. inan\' of the exhibits 
woiikl he impossible. .So. several in- 
terestiitu displays were chosen at ran- 
dom to provide a ([itick aii<l roiij;h idea 
of the ratine of displax s olTere<l. 

In projection e(|uipniei\t, Honeywell 
Photographic I'rmtiicts. Littleton. Colo., 
showed se\eral interestitif! items. One. 
the llone\\vell l^liiio 16-.SS projector 
is a .SI iHiiiiid self-threadinn 16-mni 
optical sound projector with an ex- 
clusive oil circulation lubrication s> s- 
teni w hich pumps oil continuously lo the 
vital intermittent lilm traiisixirt mech- 
anism. The projector uses a 24\', 2.S0\\' 
haloKcn lamp with dichroic mirror ami 
.SO-mm f/l..? lens, and coiues with a 
l.S-watt solid-state aniplilier aiul .S-inch 
speaker. .All [Kirts of the ])rojector such 
as the motor. Mower, shiitter assend)ly, 
oil pump system, am]ilitier, etc. are 
indi\'idual modular comi)onents which 
permit <|uick ser\icinK. The unit .sells 
for S8<>.S.(H) Other projectors in the 
family are the U)-S (at S1.19.v(H)) 
which incorporates silent ami slow 
motitui speeds, al>ilit\- to accomiiKwIate 
at the Hick of a switch self-edited man- 
neticallv recordetl liltns. a 2.5-watt 
amplifier: ami the Uv.SK (at Sl.2'>5.(K)) 
which a<kls the ability to record mag- 
netic sound tracks. Other projectors 
b>- lloiie\-well included an auto-focus/ 
preview slide projector and an overhead 
projector. (.See I hji ric 1.) 

From lnterme<lia .Systems Corp.. 
Canibritlge. Mass.. comes a unit laheled 
the k-7 which is a s<)li<l-state, variable- 
siH'e<i dissolve for cross fading and 
se(|uencing images from two slide 
projectors for siH-cial effects. The unit 
is controllable in (Hie of three m(Kles; 
manual advance, pre-set automatic cycle 
rate, or external program pulse. The 
front panel of the unit has controls for 
turning on the indi\ idual projectors, 
focusing an<l advancing or re\ersing 
either projector (or both), a c\cle rate 
control for a range of from 1 to 20 
.seconds, a dissoKe rate control which 
permits a range i)f fast-ctit to l.S- 
secoiid slow dissolve, and an o\erlap 
percentage control which provides a 
choice of <iissol\e from superimixisition 
of images to cross-fade between the 
images. (.\'o pri<'e was given.) 

I'or TV. a compan\- called T\' Dolh - 



ACOUSTIi: FEEDBACK SUPPRESSORS 

I."nrnll P A work — churches, theatres- 



TIMEKEEPER 

F.B. iu %i, MhiedIi, H.i. nm 



Include $1.(10 [ler order for shipping 
Circle 27 on Reader Snvire Card 



stadiums, conterence roonis. audito, 
riums, transportation terminals, etc.— 
available from stock or built lo speci- 
fications. Demonstrations — Rentals 
— Sales. Write 
AUDIO INSTRUMENT CO. INC. 
ill Moatitain Rd. 
Union City, N. J. 07087 



Cirrlr '2 ov Reader Sen'ire Card 




Figure 3. Resembling a small television set, 
(he See/Hear sound slide projector is 
provided with a handle for easy portability. 



Lite .Systems, l.odi, California, showed 
a complete unit (I-"h;lke 2) on whwls 
which provides a mount for a rv 
camera and monitor, a platform for a 
VTK unit, aiul five integral (piartz 
lanips and a microphone mount on an 
extension IwKnn. 'I'he 220-|X)un<i unit 
can 1k' easily moved from room to 
room as it will fit through an\- standard 
,^2-inch d(«>rway and has a single a.-c. 
cord. I he unit is not supjilied with a 
camera, vth or microphone but will 
hold all cameras (except the large 
RCA color camera) and any vtr (ex- 
cept the .■Xmix'x 78()0 series). The imit 
draws onK- M) amps during oin-ration. 
(No price was given.) 

.■\n item introducetl at the show was 
the MagicX'ision .System b\- .See Hear. 
Inc., Los .-\ngeles. Calif. The unit 
(Fic.fRU 3) is a sound/slide projection 
s\ stem capable of projection onto a ftdl- 
.size front screen as well as on its own 
7 \ ') inch rear screen. The s\ nchronized 
.system uses a stan<lar<l compact cas- 
sette and a slide tray capable of holding 
up to M) .^.^-mm slides which are loaded 
into the unit from the front. The unit 
will sell to educational itistitutions 
for S.?.^0.0(). 

The N.-\\'.-\ Kxhibit was also the site 
of the initial showing of a device for 
photographers and those making their 
own audio-\isual color prints. The 
O/C. Chroma 810 Color -System by 
()l)to Ctraiihics. Inc., Xorthbrook. 111., 
offers the user the abilit\- to create, in 
any s(iace that can be ilarkened lem- 
jMirarilv, iwrmanent full-color prints 
up to 8 X 10 inches directly front an\- 
tyiH- Color slide or transparency, with- 
out water or an internegative. in less 
then 15 minutes. If y(ni missi-d this 
show or want to see the dev ice again, 
it will be on display at the biennial 
luiropean ])hotographic exposition in 
Cologne, (iermany. in October. (It was 
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also sliown at I he Professional I'hotoK- 
rapliiTS of America nieelitin in t'liicano 
last month.) SuKKestetl retail at SI 60.^5. 

Hy selecting these items from the 
trcmeiulous mimher of tievices and 
services presenti-d during the X.W'A 
show 1 do not mean to imply in an\' 
sense that we recommend or approve 
of tile e(|iiipnient in any way. Tiiese fe« 
items were onl\- chosen as an indication 
of the breadth and deplli of the ex- 
hibitors and their dis|)lays. I do. how- 
ever, wish to impress on yoii the 
need for fnrther and continued investi- 
gation into the new etjnipment be- 
coming a\'ailable almost e\er\' day. 
as well as the no\el uses to which these 
aiidio-\ isiial dev ices may be put. not to 
mention the continualK increasing tiimi- 
ber of a-v users in all phases of indnstrv 
and education. Ihe a-v market is 
growing in leaps and bounds (it's al- 
ready over the 1 hiUinn mark). In order 
to get and keep and Contiinie to get voiir 
share of the market, remember the 
nec<I to furnish more than just e(|uip- 
meiit if vou want satisfit'd customers. ■ 
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only $4.95 
postpaid 



Heavy-weight binders are now available to 
hold a Full year's supply oF issues. 
Rich brown leather-grained virgin vinyl, 
with our name printed in black on the spine 
and front cover, is electronically sealed over 
rigid board to give your volumes ol db 
lasting protection. Keep your copies pre- 
served in perfect condition, protected from 
dust and damage. 
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copies of the | 



Please send me — 
db Magazine binder. My check lor 

$ is enclosed (sorry, no 

cod.). 

Name 



I 
I 

I Address - 

I 

I 



number 4nd ftrcct 



I city 



(New York State residents please add 
5% sales tax). 

Mail to: db, the Sound Engineering 
Magazine, 980 Old Country Road, 
Plainview, N.V. 11803, 



Many readers do not realize that the\ 
can also be writers for db. We are 
alwaj s seeking good, meaningful articles 
of an>- length. The subject matter can 
cover almost an\thing of interest and 
value to audio professionals. 

.Are you doing something original or 
unusual in your work? ^'our fellow 
audio pros might want to know about 
it. (It's eas\' to tell \oiir story in db.) 

^'oU don't ha\e to l)e an experienced 
writer to be published. Hut \ou do need 
the ability to express your idea fully. 



with adetiuate detail and information. 
Our editors will polish the stor\- for you. 
We suggest you first submit an outline 
so that we can work with you in the 
de\elopment of the article. 

^'ou also don't ha\e to be an artist, 
we'll re-do all drawings. This means we 
do need sufficient detail in your rough 
drawing or schematic so that our artists 
will understand what \-ou want. 

It can be prestigious to be published 
and it can be profitable too. .Ml articles 
accepted fur publication are purchased. 
^'ou won't retire on our scale, but it can 
make a nice extra sum for that special 
occasion. m 



TOTAL CAPABILITY= 

FAIRCHILD 

INTEGRA II SYSTEM! 





Capability No. 1: Easily integrated audio 
components. 

Capability No. 2: Simple and efficient 
construction. 

Capability No. 3: Practically any complex 
audio system can be designed. 

Capability No. 4: Remote control of audio 
functions (optional). 

Capability No. 5: Solid-state tecfinology 
provides compact, efficient, convenient 
and economical audio control. 

Capability No. 6: Unmatcfied convenience 
in maintenance. 

Capability No. 7: Advanced ligfit-con- 
trolled technology. 

Capability No. 8: Complete freedom from 
contact noise, distortion, frequency dis- 
crimination and mecfianical problems. 

Capability No. 9: Noise-free and bounce- 
free perfect switcfiing. 

Capability No. 10: Space-age standards 
of component design and manufacture 
assure fiigfiest reliability. 

Capability No. 11: 

cessories. 



Complete line of ac- 




Capability No. 12: Compatible witfi your 
existing equipment. 

For complete details and new colorful 
Integra II brochure write to: 

FAIRCHILD 

Sound Equipment Corp. 
Dept. DB-9 10-40 45th Avenue 
Long Island City, N.Y. 11101 

Circle 29 on Render Service Card 
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The 

Feedback Loop 



ARNOLD SCHWARTZ 



• WHAT is the future of the phono- 
graph record in light of the rapid growtli 
of the cassette? In the April Feed hack 
Loop, as a way of comparing the per- 
formance capability of tape and disc, 
the relative information storage ca- 
pacity of each medium was discussed. 
This article prompted Harry Maynard, 
producer and moderator of a New York 
radio program Meji of Hi Ft to de\ ote a 
program to the question. Is the Record 
Still King}. A transcription of that pro- 
gram appeared in the June issue of the 
magazine ^"^1/ Guide. More recently I 
received a letter from Andrew G. 
Petite, National Sales Manager of 
Advent Corporation, in which Mr. 
Petite states that he would like to 
"rebut |myl argument for the disc". 
Last F"ebruar>- Advent Corporation 
held a demonstration at which a cas- 
sette and a commercial disc version of 
the same musical selection (derived 
from the same master tape) were com- 
pared. Stanley P. Pressman, Advent 
Marketing \ .p., stated at that demon- 
stration that, "We think the cassette 
can now approach the ver\' best records 
. . .and in 6 months the cassette could 
surpass the record". 

In an effort to achieve wider accept- 
ance, and to boost sales, cassette manu- 
facturers may make claims that exceed 
realistic engineering appraisal. .\s 1 had 
suggested in this column last April, each 
new form (in this case the cassette) 
seems to develop its own market in the 
areas where it is most suitable, without 
necessarily obsoleting older forms (in 
this cate the disc). New ideas and 
products have usually enlarged the 
audio field, and prov ided the consumer 
with a wider selection for his entertain- 
ment dollar. Nevertheless, there may be 
a feeling in some quarters that the 
advent of the cassette spells the doom 
of the disc. It is my contention that 
disc, having been around for ninety 
four >ears, is too readily taken for 
granted. The disc is the quality, low-cost 
pla\-back medium which requires rela- 
tively simple and durable playback 
equipment. I predict that the entry 
of the cassette into the audio market 
will not put an end to the continued 



expansion of the disc. 

I would like to discuss one of the 
arguments Mr. Petite makes in his letter 
because it points out the pitfalls in 
making comparisons of disc and tape. 
In the April Feedback Loop a some- 
what roundabout method was used to 
compare the two; that is, by com- 
paring the information storage capacity 
of a 33-1/3-disc with a 15 in. /sec. reel- 
to-recl tape on an area and volume 
basis. We found that the disc had a 
greater storage capacity either way, 
and hence the capability of higher 
playback quality. In his letter, Mr. 
Petite compares the 1-7/8 cassette 
with the 33-1/3 disc. He states, "From 
the standpoint of information storage, 
the area required for one second on the 
casette is 1.875 in. /sec. x 0.075 inch 
= 0.141 square inch, compared to 0.077 
S(|uare inch for the disc. The volume is 
0.141 inch« X 0.0007 inch (the total 
thickness of backing and oxide coating 
of a C-60 cassette . . . .) = 0.0001 cubic 
inches for one second of playing time 
vs. 0.0019 cubic inches for a disc, or 
1/19 the volume." 

Let's start at the volume end of the 
argument, since by Mr. Petite's cal- 
culation, and despite the reduced tape 
speed, the area requirement is still in 
fa\or of the disc. The typical disc is 
0.050 inches thick, but the disc is a 
self contained playback device-that is, 
the disc itself can be played. A cassette, 
on the other hand, consists of reels and a 
housing, in addition to the tape itself. 
.■\ctually, the disc needs little more than 
0.005 inches for the information storage, 
the remainder of the thickness is used 
to make the disc rigid so that it can be 
used on playback turntables, and not 
break during handling and storage. 
The additional thickness of the disc 
corresponds to the plastic reels and 
housing of the cassette. We would prob- 
ably find that there is enough of this 
plastic in the cassette to press a com- 
plete record. 

.•\ second problem with Mr. Petite's 
comparison is the use of compression. 
The cassette in question was recorded 
through a single-band Dolby unit, and 



played back through a complementary 
Dolby unit. The disc was an off the 
shelf item, and was played back 
through standard playback electronics. 
-A. disc encoded with the Dolby system, 
and then played back through a com- 
plementar\- expansion device would 
show significant improvement over a 
standard disc. Interestingly enough, 
Sanford Drelinger, quality control di- 
rector of Vanguard Records, told me 
that Vanguard has been experimenting 
with this type of disc. There is little 
doubt that such a disc would yield a 
6-10 dB improvement in signal-to- 
noise ratio- at the "cost" of additional 
circuitry in the playback system, and 
of having a disc that is not compatible 
with standard playback equipment. 

A third and basic point is brought to 
mind by Mr. Petite's letter, although 
Mr. Petite did not discuss it in his 
letter. Do we get more information on a 
recording medium by reducing the 
speed, or by reducing the track width? 

In cassettes and eight track, there 
are two methods of storing the music 
in an acceptably small package; reduc- 
tion of speed, and reduction of track 
width. Let us see what the effect of each 
of these reductions has on bandwidth, 
signal-to-noise ratio, and maximum 
level. Each time we reduce the tape 
speed by half, the bandwidth is reduced 
one octave; a reduction from 15 ips to 
1-7/8 ips means a loss of three octaves- 
assuming all other things remain the 
same. If 15 kHz was originally the 
highest frequency reproduced, then the 
highest frequency that can be repro- 
duced at the reduced speed would be 
3.75 kHz. Extension of the bandwidth 
can be made by reducing the size of the 
playback gap. Each time we reduce the 
gap by half the bandwidth is extended 
one octave. At the same time, the re- 
corded signal level drops 6 dB, and the 
tape noise drops only 3 dB; there is 
a net loss in signal-to-noise ratio of 3 
dB. If the track width is reduced by 
half, the recorded signal level drops 
6 dB, while the tape noise drops only 
3 dB; once again there is a net loss 
in signal-to-noise ratio of 3 dB. 

When both reduction of gap width 
and track width are employed, there 
can be a substantial drop in the signal- 
to-noise ratio. To counteract the in- 
crease in noise, some form of signal 
compression may be employed. And 
finally, to overcome some of the un- 
desirable effects of compression, it is 
necessary to place a complementary 
expansion device in the playback elec- 
tronics. 

All this is to say that the information 
storage limitations of tape (and disc) 
cannot easily be circumvented by using 
slower speeds, and if we try to squeeze 
more infonnation onto a given segment 
of tape, we have to pay the price some- 
where along the line. ■ 



www.americanradiohistorv.com 



New Products and Services 

MONITOR SPEAKER MIXING Df^K<; 



• Model 4311 is desijjiK'cl as a conirol 
room monitor with oii-a\is resix>nsc 
liekl within ±5 dU iVoin 30-l,S kll/. 
Wide dispersion pro\ides less than a 
6 clH deviation up to 45 don''ccs off axis 
at 2 kl Iz nor more than 10 dB at 8 kHz. 
iniertial cott\[x>iienls inrlii<le a 12-iii. 
woofer, and liigli-fre<|uenc>- transdiicir 
wirli a crosso\-er at 1500 ilz. Wiioler 
Iree air resonance is 27 Hz. .\ho\e 3 
kHz. a thin! t.ransihicer is gradually 
coming into etteci reachiiif; full output 
at 7 kHz. I p to 50 waits program tua- 
terial is handled at a nominal im|3cdaiice 
of 8 ohms, 'j'lie enclosure is solidK- con 
strticted of ?<i-incli stock with all joints 
tightly titlt'd and glued. 0\er-ail dimen- 
sions arc 24 x 15 x 12 inches and weight 
is 51 llis. shijjping. 
Mfr: J. B. iMiisivg Soiuid. Inc. 
Circle 75 oil Keadfr Sen ice Card 



MATCHING 



• The Peerless Model 15.^70 features 
lumi-biicking con^lnlCtion. and tight 
cotipling which resnlts in low leakage 
reactance and good high-fre<|tiency re- 
sponse. The transformer is for tise as 
impedance matching or bridging use in 
low-le\el 600-!( circuits. It is hcrnieiical- 
ly sealed in a metal case. 
Mfr: Altcc-lMiising 
Circle 73 on Reader Service Card 



• Smooth, stepless control of any nnni- 
ber of channels siimtlianeonslv is 
achieved with the i)i«ss of a button on 
this automatic, electronic attenuator. 
The speed of the fade is adjustable from 
0 to ,^0 seconds and noiseless oiieration 
is assured by use of solid-state circiiit;r\'. 
Mfr: Moser Onvlopmciil Co. 
Circle 74 on /deader Service Card 





• The MD-16 series is the late-^r tin- 
veile<l b> this coiii|):in\ . It has as out- 
standing features the use of channel 
blocks that afford good llexibilit\, in- 
creased assembK and switching |X)ssi- 
biliries. as well as eas\- service atid 
mainienance. The illustrated console is 
sixteen channel, but a \arieiy of con- 
figurations both in anil out arc available. 
A/fr: Fliilips Broadcast Equip. Corp. 
Circle 6f) nn Reader Service Card 



PORTABLE MIC MIXER 




• The C'CA model mixer amplilier is 
designed for newsreel recording and uses 
transistorized circtiitry to achieve its 
specification!*. These include an ef|ual- 
ized frequcnc\- resiwnse of 120 Ilz to 10 
kHz ±3 dH: unbalanced 50-200U niic 
input ini|>edance; high level input: de- 
feaiable automatic \-olumc control: ear- 
photie jack at 12 dUm; and a recharge- 
able (built-in) 12 \' battcr\ that pro- 
vides a niiniinum of 8-10 hours of con- 
tinuous service. Weight is 28 tunices 
with the b^tteiA and the unit's teni- 
I)erature operating range is —4° to 
131°F. The unit has been designed to 
be comjiarible with .\uricoii M,\-ll 
heads. 

.\!fr: Genera! Camera Corp. 
Circle (}>! Reader Service Card 



AUTOMATIC FADER 
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SPECIAL 

CONVENTION 

SESSION: 

MODERN 

RECORDING 

STUDIO 

TECHNIQUES 

At 7:30 pm on Tuesday, Octo- 
ber 13, during the AES Fall 
Convention, the New York 
Section will present an appli- 
cations session to show how o 
modern recording is made. A 
multitrack tope recorder and 
a multitrock console will be 
used in the live demonstro- 
tion. Producers Max Wilcox 
(clossical) and Steve Schwartz 
(rock) will explain their roles 
ond John Woram, RCA Rec- 
ords, New York will explain 
mixing and miking with the 
use of visual slides and closed 
circuit TV, so the audience 
may observe the mixer at the 
console. 

• 

During the playback of a 
multitrock tape recorded by 
a 17-piece orchestra, a live 
guitarist will lay down his 
track, Following the demon- 
stration, other professional 
mixers will join in a discussion 
and the audience will be in- 
vited to ask questions and 
make comments. Chairman of 
the session will be William E. 
Windsor, D.B. Audio Corp, 
New York. 



TAPE CARTRIDGE SYSTEM 




• A recent aiinoiiiireiiicnl tells of ilie 
iiitroductioii of rhis imilti-dcck tape 
cartridge iiuichiiic. Tlie unit offeis eco- 
nomics in 1x)tli size and \n\cc with its 
compact construction and common cap- 
staii drive. An available opiion is a 
recorder module that converts the bot 
toni deck to record, reproduce. 
Affr: Ivter)Tational Tapetroitics Corp. 
Circle 71 oil Reader Service Card 



INSTRUMENT ENCLOSURES 




• This new line of enclosures is higliK 
Kl\Te(l and constructed of nliiniinuni 
\vra|)-aroiiiid and molded .\RS end 
pijncis to i>rovidc rigi(iit\-, accessil>ilit\ . 
and light weight. Two finislics. Rrey 
with black 01 white with wood grain, 
are available. The two basic sizes avail 
al)le from slock are 2'2-iii h'it;!' by 
5*g in. deep and c.m be liad 4 lo lO-in 
wide or 4 1:1 b\- 6'.| and 5 10 l2-in. 
wide. Sjx'cial linislicsand punched holes 
can be provided. 
.\/fr: Teii-lec, Inc. 
Circle 65 Oil Reader Service Curd 



• Miniautre transformers half rlie size 
of a thimble are beitig ntade bj- MH in 
West Germany. A \aricty of \olraKe 
ratios and with or without tnu-metal 
shielding is available. Model BV-16, as 
an cxatr.plc has niu-meial shielding, is 
2(10, .SOk. and lias vinyl encapsulation. 
Eight inches of cable at each end arc 
provided foi line connection. 
Mfr: Slaiifnrd 1 iilermlioiial {MB) 
Circle 67 OH Reader Service Card 



INDUSTRIAL SOUND 
AMPLIFIER 




• The Pvianiid Series 7000 solid-state 
amplifier uses two input chaimels to 
provide separate bass and treble rone 
adjustments for voice paging and music. 
.\s nany a tett input modules can be 
plugged in ro provifle a varietv of fimc- 
tions ranging from niic inputs to siren 
alarm sy stems. Power modules plug in 
also and are interchangeable in units of 
20. 40, 80, atid 150 watts. A limited 
access door is provided. Power circuits 
are proiecie<l l>\' automatic devices atid 
a visual overload alarm. 

Mfr. Private Tcle-Coiiimiiiiicahoiis 
Circle 64 on Reader Service Card 



GRAPHIC EOUALIZER 



f • I * • ; ; : : * 

I • .* i-» --• ■• -• -• 

• .^IodeI EQ-812 is an eight -frequency 
e(|iializei wil;li accuratob' reciprocal 
ciir\es and with flat fro<nienr\- rcs|K)nse 
at the dctented midiKjini ))osiiioii. It is 
an active unit with unity gain, can be 
switched iti or out. is 600!! balanced in 
and our, 12ilH lxK)st or cut is available 
at each frequencv . They are; 63 Hz, 160 
IIz. 400 llz 1 kHz. 2.8 kl-lz. 4.5 kHz. 
7.5 kHz. and 12.5 kHz. System noise is 
lietter thati —80 liBm and otitpur levels 
up to +24 ilUm terminated can \)0 had. 
In ami out terminals are on a [ones 
strip, the power required is bi-pular 28 V 
(I.e. at 115 m.\. 

I .\lfr: Qiind-1-if.hi Electroiiics 

I Price - $825.00 

Circle 72 on Reader Service Card 




MIC TRANSFORMERS 
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WRHM • LONDON PHASE A 
WSDO Hontaqe Concen 

Mozcn; Symphony sie (14) 
Schumann; Manfred (coinpleEe) 
Rylands. de la Torts, 
Holt; BBC Chorus and 
Royal Phil. Sir Thomas 
Bcecham (1:20) 
WVFM •TONY ALLEN SHOW 
WOGO READERS THEATER 

Children on iheir Birthdays; 
(1 reading by the author, 
Truir.on Capoto ("12) 

S:00 F.iv:. 

WBBI L BEACH BRETHERN 
WCBH •Stereophonic So Calif. 
Strauss: Susto from Der 
Rosen Kovalier; Dorati,. 
Mint! ea polls 
Schurr.ann: Pionb Cone m 
A min; Arthur Rutaenstein. 
Piano; losef Krips RCA 
Victor Sym Orch 
WMET •FRANK MARTIN 
WOST ROMANTIC APPROACH 
V/POL H'WOOD PRESBYTERIAN 
WRHM V/erth Listening To 

Paul Werlh 
V/UTE SERENADE TO STARS 
WOGO EVENING SYMPHONY 

Chab.-ier: Mcrche joyeust*; 
Morel Orch Royal Opera 
House. Convent Garden (4) 
Saint-Saens: Cello Cone 
— 1 in A niin: Rostropovich. 
cello; Sargent Philharmonia 
Orchestra (18) 
Saint-Saens; Organ Sym —3 
in C mm; Maurice Du- 
ruile, organ; Pretre/Parls 
Cone Orch (38) 
Debussy: La Mer; Boulez./ 
N«?w Philharmonia Orch 
(24) 

S:00 P.l^. 

WBBI SOVERIGN GRACE 



N| 

WFMX 
V/HCF Sel 

wy./x SaJ 

WNAC 
WPF< MU^ 
WRHM THI 

w Rl 
Cone I 

serm-t 

of ihel 

from tH 

host of \ 

hosted I 
WVF.vI FEAT MLl 
WSDO Great Mu 

Vetdl, Bra,| 

Anas 
Puccin:: Dor! 
excerpts Ifo 

10:00l 

W3CA •BILL HAND;") 
WHCF PENTACOST 
y/H-Zse •PRIMARIL FE! 

V/NX NEWS 

10:20 The Young ' 
w Scott O'Nei! a| 
WSDiD Portraits in Scuthe 
Russell Oberhn i 
tenor 

10:15 Musical RounJ 
Moussorqsky: PicfuT^ 
Exhibii;on (34) 

v;?B7 REFLECTIONS 

V/V.^W • Feat Ramsey Leaded 

11:00 P.M.' 

WSDO Evening Concert 

Haydn: Symphony "23 
Delius: Hossan (29! 
WTBT • Sieteo Tips and Bits of 
WUSC ROCK CLASSICS 



Ju/t for the record 




More FM and AM radio stations have standardized on Shure M44 series car- 
tridgss than any other, because of their unique combination of good sound, 
ruggedness, and inexpensive price. Stylus change takes only seconds. They 
are well suited to back-cueing. Wide choice of tracking weights from % 
gram to 5 grams. For "high fidelity" FM stations, the Shure V-15 Type II 
Improved cartridge delivers superlative reproduction — regardless of the 
level at which the record is cut. Send for the Shure "Guide To The Conver- 
sion Of Monophonic Broadcast Facilities 
For Stereo Records." Shure Brothers Inc., 
222 Hartrey Avenue, Evanston, III. 60204. WJM 
Circle -fO on Reader Semice Card 
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LONG PLAY TRANSPORTS 



NEW LITERATURE 

I 

• A coiupreliensive catalog of public 
aiUlress e<niipineiit is available from 
University Sotind. It lists speakers, 
speaker products, and electronics. Circle 
51 oil Reader Service Card. 

• The Ttinier Couipaiu' lias a 24-pase 
catalog that desrrilies its complete line 
of microphones and accessor\ W]iiip- 
nieni. Circle 52 on Reader Service Card. 

• I he Tape-Athoti Model 1000 Re- 
corder Keprodticer is detailetl in a 4- 
laRC brocliiire. Rack nuninted. port- 
ahle. ;itid studio cot sole \ersions are 
described. Circle 53 on Reader Service 
Card. I 

• The fi WV 260 ta[)e(hiplicatin); system I 
is iiitrodticwi in a brochure and series 
of si)ecil'ications. Hoth the coniiwtients 
and their ftuictioniii); together are 
nivfu. Circle 5-i on Reader Service Card. 

• .Mtec's .\couta-\'oicette process is 
described in a brochure. This tuniiif; 
process, designed for small-rooni use. 
utilizes 24 ("liters [ler channel in a two- 
channel system. Circle 55 on Reader 
Service Card. 

• The H K .Model 4712 Fre(|uenc\ 
Kes|X)nse Tiacer is c<)\erecl in a new 
product data bullelin. This tracei lias a 
14.in. screen display of response data in 
the rntige 20 1 Iz Ui 20 kHz (or narrower 
bands or e.\tende<l). Circle .56 on 
Render Service Card. 

• \\'a\e .AiiaKzer applications are ilins- 
iraie<l in a 20-page bookler available 
from 1 lewlett-I^ackard. 

It shows iiistninient connections on 
rhe iiage opixisitc an .\-\ graphical re- 
cording of the resulf. Circle 57 on 
Reader Sen ice Curd. 

• The Mo<lel FR-10 tilni recorder 
reproducer from RC.A is described 
in a biochiire that gives features, 
oix-rating information, and specihca- 
lion detail. Circle 58 on Reader Service 
Curd. 

• .\merican l^lectronic I .aiioratories of- 
fers a colorful 4-pagc biochiire setting 
forth the \aried Ca|Kd)il!ties of it< I'n- 
vironnienral Testing I. aiioratories. Cir- 
cle 5') on Reader Service Card. 

• Pre-wircd [X)\\er outlet boves are de- 
scribed in a new W'aber Electronics 
catalog. The 16-page bookler provide^ 
fidl inform:ition on more than 400 
standard Waber models. Circle 60 on 
Reader Service Card. 

• A new two-color brfichure lor the 
broadcast inciustr\ has been issued b\- 
the ])rofessional prtnliicts deiKirtiueni 
of CBS Lidmratories. .\ cimiplete line 
of audio and video priKlticts is describe<l 
with specifications and prices. Circle 61 
on Reader Service Card. 



• Model TR-lOO tape rransport oper- 
ates in a iii-directional mode by foil 
contacts on either end of the tape, or 
i)y manually depressing the appropriate 
con t ml button. Cut -off arms adjacent 
to both leels prevent <laniage in the 
evenr of tajie breakage. The unit will 
mount in a slaiulard 19-in. rack and it 
occupies 24''2-in. of vertical s])ace. All 
stibasseniblies such as capstan motor, 
brake moiois. control chassis, and niag- 
iietic ])layback heads are plug-in de- 
\ ices. Two standard s|5eeds, 3*4 and 
/''^ in. sec. are provided; the unit uses 
i-4-in. tape; and it accepts reels up ro 
16 inches. Wow and (hitter at high 
speed is 0. 1%. 
l[Ifr: iMn^evin 

Circle 69 on Reader Service Card 



• Stock 16-tiack consoles are now avail 
able for iinniediate delivery. The 1020 
series 8 16 feature 80 dB s. n. 1000% 
(leak overload ca|>ability. and less rhan 
0.01% distortion. Twenty iiiic line in- 
puts with eipializatioii, eight nieteie<l 
program buses, sixreeii outputs, four 
echo buses, three iiide|)cndent pan-pot 
s\stenis. sejKirate 16-track remix, free 
grouping; and patching facilities are 
provide<l. 

Mfr: S/>eclra-Sonics 

Price: $J5.000.0n 

Circle 76 on Reader Service Card 



• This is a new foriniilation designed 
to clean magnetic hetuls on l)oth \ idco 
and audio machines. It is available as 
both li(|uid and spray. Thotigh the 
foiinulation is not revealed, ii is stared 
to be silicone free so it c:in proiK-ily be 
usixl to clean guides, capstans, tintl 
pinch rollers. The spray can contains 
16 w... with ,1 5-in. extender tube: in 
litpiid form both 8 07.. and ,?2 o?.. Ciiiis 
iue available. 
Mjr: yorlronii s 
Price: Aerosol - $2.75 : 
liquid $2.25 and $7.50. 
Circle TO on Reader Service Card 



• Ivoss ol'feis a 16-p;tge four-color 
brochure designed to explain stereo- 
phones iiiid stercoplioiie listening. It 
also fuiu tiiins as a catalog of the com- 
pany 'scK- 11a luictind ek'Ctrosiatic plumes. 
Circle 62 on Reader Service Card. 




^TRONICS 

Pf^sbnal 
^head 
oeaner 




• lilpa Marketing has a 6-ixiger that 
descrilies the complete line of Thoiens 
transcription turntables and arms, as 
well as wooden bases. Circle 6J on 

Reader Sereice Card. 



CONSOLES 



HEAD CLEANER fa— ^^^^^ 



www.amerlcanratdlohlstorv.com 
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wait until you hear 'em ! 

The Koss Pro 4/Double A is all new from sound element 

to headband. It looks better and feels more comfortable, 

but the greatest improvement is in the sound. 

Your dealer has it. Ask him for a demonstration. 

The specs are great, too. If you're interested 

in those, ask us for 16-page, full color brochure. 

ELECTRONICS INC./ 2227 N. 31st Street/ Milwaukee, Wis. 53208 



Circle 37 ini lieodet Setvice Curd 
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n IC Line Amp 
Or is it? 



WALTER G. JUNG 

Useful audio products often may be found 
masquerading under other colors. The author 

describes a line amplifier of high quality 
that may be built with an integrated circuit 
not intended by its manufacturer for this 
purpose. 



Ei.KCTRosits is an odd field sonietinifs. yiiite often 
things turn up whirli seem so odd as to l)e unhelieve- 
al)le at first glance. Hut with further examination 
and understanding comes a feeling of a "Maybe 
that's a good \va\- after ail" and then "Why didn't I think 
of that?". To illustrate just what is meant by this, let's look at 
a circuit which is develo|>ed with uiiseeniing ))arts, l)ut 
lierftiniis remarkaliK'. 

The circuit to \x discussed is an audio line aniplilier — a com- 
mon application, nothing exotic. Uefore we introduce the how. 
a few numbers describing this hypotehtical amplifier might 
Ih' appropriate. We want the amplifier to handle levels nor- 
mally associated with a console line output; that is average 
levels of +OdBm and |X!ak capability of +17dBm. This 
means its output impedance should be 600 ohms to match 
standard lines. And it would also be nice to have 2-line output 
raiiability with more than 60 dB of isolation between the two 
lines. A few dB of gain might be convenient, say 10 dB. 
The input impedance should match the preceding stage so 
it should also Ih! 600 ohms. As far as distortitin and fre<|uency 
res|ionse go, 0.1 [)er rent and 20 Hz — 20 kHz ±0.25 dB 
should he ade(|uate. A few other niceties nu'ght want to be 



]\'allfrG. Jiiii^ hds been a frequent cnntribiitor to Ah. 




Figure 1. An opamp model of a line amplifier. 
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thrown in. such as singk- utiruKulatwl supph' o|HTati(in. 
modular ic construction, and sim|)licity conil)ined with 
(hoiwfully) economy. Sound like a tail order? Hefore we de- 
cide, lets look at a few circuit confinurations to see how 
such goals might Uc met. 

.Since jiracticalK' everyone is talking op-amps these da\ s 
we'll approacli the problem from this angle. This not onl\- 
makes us "in" but makes for a good aiuplifier too. In Fiiii KH 
1 we see the familiar magic triangle and its associated hookup 
for an inverting amplifier, We won't attempt to cover all the 
theon,- associated with this handy dexice, we'll just he 
Content to abide by the laws as generally set down, and use 
them to suit our jiurposes. 

In an inverting amplifier such as this, the input signal is 
repnKluced at the auiplilier output 180 degrees out of jihase 
and scaled by the ratio of Rf to Rm. Integral to this i)rocess 
is the fact that the two currents associated with the resix-clive 
signals I^n and Kout sum to zero at their junction or the 
input node of the amplifier. .Xnd so the term arises, virtual 
ground. If this tenninal is In truth an eciuixalent groimd. 
then the effective input impedance will be the value of the 
input resistor, Rin, 

-So by now we have established two factors about our 
amplifier. We can set the input imiwdance by the value of Rin. 
and the gain b>- the ratio of Rf to Ri„. Hut this is not all 
we have established. In so doing, we have generated a low 
output impedance voltage amplifier with its characteristic 
wide frequency resixmse and low distortion, two of our pre- 
re(]uisites. 

There remains the tjuestion of how to luake the thing 
beliexe it is a 600-ohm source, or actually two 600-ohni 
sources, with a lot of isolation between one other. This is not 
so hard. Since our voltage amplifier is a zero- impedance 
source, a series resistor of 600 ohms will make an excellent 
600-ohm impedance. The i)cnalty here is a 6 dH voltage gain 
drop and a power waste, but with gain available so cheaply 
by merely adjusting Rf Rin this is really no big thing. .\ 
purist might balk at throwing away |K>wer so extravaganth-, 
but there is an im|x)rtant advantage to this technique. The 
insolation between the two output terminals is directly projior- 
tiunal to the ratio of the 600-ohm resistor to the outjiut im- 
|)edance of the amplifier. The lower the amplifier Zo, the 
better the isolation. .And the 600-olim resistors bu\- in- 
herent short-circuit protection against shorts on one line 
atTectinp the other. 



Now we rcalh- have (juite a few things known about this 
ampli(ier-Zin, Zout, gain, and some generalities about dis- 
tortion and frc<iuenc\' res|X)nse. To come closer to our actual 
circuit, nc'll have to begin talking about some hardware, 

We'll start by looking at the jxiwer requirements. A -|-17 

HIGH DYNAMIC IMPEDANCE HIGH GAIN DARLINGTON 

COLLECTOR LOAD TO PAIR MINIMIZES LOADING ON 

MAXIMIZE GAIN OF 02 \ + SUPPLY q2 ^md PROVIDES LOW Zo 
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DIFFERENTIAL PAIR 
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FOR 01-02 





OUTPUT 



C I \ EXTERNAL 
^ FREQUENCY 

COMPENSATION 
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Figure !. The circuit confisuralion for an IC audio amplifier. 
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Figure 3. A |jiA7S3 connected ai an audio amplifier. 
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Figure 4, The compleic tchematic of a line 
amplifier using a [jiA723. 
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dHm signal into 600 ohms requires about 20 mA peak of 
output current-two of them twice this. A standard ic op- 
amp might supply it l)ut this is beginning to push things a 
bit. Custoni and hybrid types definitely will, but they'll 
also shoot down our economic goals. What we need is an 
IC like FicrHE 2, which is a general sketch of a circuit con- 
figuration which has the properties we desire. A simple dif- 
ferential i)air such Q1-Q2 can develop an extremely high 
voltage gain for a single stage when loaded with a high- 
impedance collector load. This load will need to he bufTered, 
but a Darlington [jair such as Q3-Q4 will get us good load 
isolation and if husky enough be able to supply 50 mA or 
so to an external load with a low output imjiedance. 

W'e can control the fre(|uency resiwnse of this one stage 
op-aiiip very effectively by a single miller capactor (Om) 
from Q2's collector to base. Ql's input will be unused in this 
application, or at a.c. ground. For single supply biasing we'll 
need some sort of voltage supply for the bases of Q1-Q2 and 
a current source at their emitter which can operate close to 
ground so we can swing large output signals. The single input 



supply line should feed all stages, but we would like this 
voltage to be non-critical so a.-c. line variations and ripple 
will not get through to the output. 

By now it sounds as if we have backed ourselves into a 
corner from which only an expensive custom ic or hand- 
tweaked discrete kludge will extricate us. Where can we get 
an audio ic which will do all these things and still be within 
the reach of Joe Audio-Mans pockeibook? Well we can't. 
But don't stop here because I wouldn't have written this 
much without having something, would I? 

Perhaps the world's best example of being able to ha\e 
your cake and eat it too is a modest little TO-5 can called a 
li.\723, which although mis-labeled as a ixjwer-supply 
regulator is really an audio amplifier — just as we have de- 
scribed. This husky little silicon gem does all the things we 
want for this application — it has an internal Darlington pair 
which can handle 150 mA of current, an internal bias refer- 
ence supply which allows stable bias for the high-gain dif- 
ferential amp, and enough inherent rejection of input noise 
to allow operation from unregulated sources. 
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Figure 5. Total harmonic distortion al 10 dB 
and SO dB gains 
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Figure 6. Open loop response with 56 pF 
compensation. 
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Figure 7. Relative frequency response. 
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The configuration and pin hookup for this ic as an audio 
amp is shown by Figure 3. The l)ias sui)piy (V'ref) at pin 4 
is applied to one side of the dilTerential amplifier as a reference 
\-oitage (pin ,^). Since 02 is the inverting input of this opera- 
tional amplifier, the input and feedback resistors are applied to 
this input, pin 2. Our a.-c. signal is applied via Rin. Since 
this amplifier operates all the way down to d.c, it also 
amplifies the voltage applied to the reference input. .So 
for maximum a.-c. output swing we want to bias the output 
terminal equidistant between \]+ and ground. This is done 
by making Rm (d.c.) variable so the d.-c. gain can be tweaked 
for symetrical clipping of positive and negative signal peaks. 

.\'ow in FiGi RE 4 we turn to an actual working circuit of a 
line amplifier. Here we see a couple of minor modifications 
over Figure 3, inserted for reasons of improved |)crfomiancc. 

The first is a division of the reference voltage from its nomi- 
nal 7 volts down to 2.2 by R7 and R8. Since the bias of lx)th 
Ql and Q2 will ride at this d.-c. potential, this defines the 
lower limit of signal output swing. .So by minimizing it 
we increase available output as we are allowing more nega- 
tive signal swing. The second change is for a similar reason, 
to increase available output swing. This is the addition of Ql, 
a negative pulldown stage to linearize output swing, as Q3 and 
04 of the IC cut otT during negative signal peaks. This con- 
.stant-arrrent transistor also helps lower distortion by pro- 
viding a constant source impedance at all points on the output 
waveform. 



PERFORMANCE 

By now the reader is probabK' wondering just what do we 
have in the way of |x;rforniance. The following data is cited 
as yier actual measured values on the circuit of F'igure 4. 
Where applicable, test conditions or circuits are shown. 

Power output: Measured under the following conditions — 
supply ct|ual to 36 v. both outputs loadt>d with 600-ohm 
resistive loads. Po each output: -i-17 dHm before clipping. 
32 Vp-]) available at amplifier direct output for unmatched 
loads. 



As it can Ije seen from this example the effect of the power 
supply voltage is to limit maximum output available. The 
maximum voltage that this ic can withstand is 40 volts, so 
the -1-17 dBm figure can be increased somewhat if desired. 
•\ny ri])ple on the supply line will be reduced by the ripple 

600n 
OUTPUT 
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-*r "tL TEST GENERATOR 

^ QO Zo=600fi OUTPUT = 16V P-P 

60011 1 
OUTPUT 
NETWORK 2 




60011 




'/) ISOLATION MONITOR 



Zq of amp = 



I7 



WHERE Ezg=VOLTAGE AT AMP OUTPUT ( P-P) 



AND Iz= 



-TEST SEN 



16V 



600fi 600n 
Figure 8. Signat isolation and (he Zo lest. 




l50/600fi LINE 
TRANSFORMER 

C 60011 
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Figure 9. Alternate 600-ohm output connection for +S3 dBm. 
Vou should change R11 to provide sufficient current output, and 
heat sinking of both the IC and Q1 is recommended. The amplifier 
should be labeled - - circuit of Figure 4. 
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Figure 10. A configuration For adjustable gain. Figure 11. This configuration provides even greater gain. 



rejection figure of the tc which is on the order of 70 dB. .At 
\vhate\er supply \ oitage is used, trim R5 for maximum undis- 
torted output. Since this circuit operates class A, d.-c. power 
consumption is constant, in this case the drain is about 40 m.-\. 

Dislorlion : Total haniionic distortion was Tiieasured under 
the output conditions as in test 1 and with output le\el ad- 
justed to be just under the clipping level. R5 was set for 
s\metrical clipping of [x)sitive and negative peaks by ob- 
serving the distortion products on a scope and allowing the 
plus and minus clipping spikes to occur simultaneously. 

The distortion was measured at the 10 dH gain setting and 
found to be under 0.1 per cent below 20 kHz (see Fi(;i:ke 5). 
There is a definite rise in distortion alxjve 20 kHz due to 
slew rate limiting but this is felt to be of small conseciuence 
as it is outside the band of interest and only occurs at full 
output. The residual distortion of the oscillator-analyzer 
combination used axcraged about 0.05 per cent across the 
band. 

.\s an experiment, a 20 dB gain configuration was tried 
to note the effects on distortion. This is shown by the second 
curve; being ap|>roximatcly double with a proportionate rise 
at the high end. 

Frequency Response: Once again a picture is worth a 
thousand words, see Figure 6, rcsix)nse at the 10 and 20 dii 
gains. Both are within ±0.25 dB within the audio band. A 
few comments are in order for those who might want to pla\- 
with the res]X)nse of this unit at different gains. The open 
loop response with a 56 ])F com])ensation capacitor is shown 
by FiGi'KE 7, This cur\e has a 3 dB breakpoint around 
2 kHz and a 6 dl? rolloff thereafter, a typical single stage 
roll-off. This is in contrast to the usual tc op-am|> which 
corners at 10 Hz. The open-loop gain at low fre<|uencies is 
around 66 dB. Full |X)wer res|)onse is available up to 40 kHz. 

lupul-OutpHl impedance: Xot really much to say here, as it 
onl\- amoimts to the correct selection of resistor \alites. The 
two 1200 ohm, 5 i)er cent units shown give a 600-ohm match 
within 5 per cent or better. In both input and output posi- 
tions that portion of the imjiedance contributed by the amijli- 
fier itself is so low as to be negligible. 

Output Isolation — Line to Line: This asiwct of iierformance is 
where this amplifier really shines. The method of measure- 
ment was as in Fiouke 8, A signal is pumi)ed back in the 
5 amplifier from an external generator ami the crosstalk nieas- 
?^ ured at the adjacent terminal. If the amplifier was a i)erfect 
^ voltage source with Z„ = 0 no crosstalk would result of 
I course, as no voltage could be de\-eloi)ed across 0 ohms, 
g- The voltage that is de\'eloi)ed is a direct measure of the Zo 
^ of the amplifier, as the current is detenuined almost solely 
b\- the 600-ohm resistor. 

The isolation measured between channels was >90 dB 
|55 at 1 kHz. a +19 dBm signal developed a —76 dBm signal 



across the ami)lifier which is e<iuivalent to —82 dBm signal 
at the adjacent outp\it. This is close to the residual noise of 
the amplifier so this is really a gray area. Crosstalk is at least 
95 dB down and ([uite possibly more. 

Under most practical conditions we can safely conclude 
that crosstalk should not be a problem in this circuit. Cross- 
talk that does result will be due to coupling into the 600-ohni 
lines rather than through the amplifier. 

Gain: .\s was mentioned in the initial portion, the voltage 
gain is a function of Eif to Rin. The ratio in this amplifier is 
6.5 to one which gives a voltage gain of 3.25 after the 600-ohm 
termination, or close to the desired 10 dB. input caixicilors 
in this circuit arc chosen to be 3 dB down near 10 Hz. 

Soise: Noise out])ut is another noteworthy characteristic 
of this circuit. Output noise is 100 [iV rms. or 93 dB 
below +17 dBm. Noise is affected somewhat by the by- 
[Kissing on the reference supply, so if this parameter is 
critical a byjjass is recommended across R8, such as the 3.3 
iiF tantalum shown. 

By now the reader should be read>- to take up a soldering 
inm and start building one of these little units. For those 
who might want to do just that, some general notations 
could be helpful. 

There is really nothing about the circuit which is very criti- 
cal. The only real problem might be with high frequency 
oscillations, and this can almost always be cured by a good 
high-fretiuency bypass on the input leads (C3 of P'igi'ke 4.) 
Use a tantalum or disc ceramic and keep leads short and 
direct, as if it were an r.-f. circuit. If jou don't the ic will get 
the idea it is and take off like ganghusters. 

-Most of the rest of the components are straightforward. 
Coupling ca|)acitors can of course be tailored to suit indi- 
vidual re(|uirements. Don't tr>- to use a single output cajiacitor 
for the two output lines and expect to get good isolation 
(guess who did but soon found out). The reactance of almost 
any reasonable capacitor will be high compared to the 
amplifier Zo, especially at low fretpiencies and ruins isolation. 
The two capacitor trick gets around this one neatly, however. 

The semiconductors arc (piite inexijensive, a factor which 
really makes this amplifier a good bargain. Ql can he almost 
any npn which can stand the voltage and power reipiire- 
ments (40V,05\V). The 723 is a\-ailable from several niami- 
facturcs now, and shotild be easily obtainable at modest cost. 

.So Vi\ now ma\be the reader sees what was originalK- 
tcniched upon in the o|x.'ning. How fimny things can seem at 
first, but then they become quite sensible when lived with a 
bit. I'tu now more convinced than ever that this device is 
really an audio ic and until now it has been disguised as a 
|K)wer supply. Shame! Such mundane drudgery- — this little 
circuit deserves better. .Maybe we could start a campaignjo 
stamp out power supplies and make audio amps. . . ■ 
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on individual proof-of-performance records. This is the 
product line that is worthy the pride of both its makers 
and its owner. 

To discover what you're missing - compare 
crown's Total Performance sound today. Write Crown, 
Box 1000, Elkhart, Indiana, 46514. 
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CX844 For the audio 
perfectionist or professional, 
tlie ultimate in live recording. 4 cfianneis in-line, 3 
speeds, computer logic tape control never breaks 
tapes, remo-e control optional, sound-on-sound, 
sound-with-sound, echo effects 
All models shown feature total silicon solid-state 
design, non-mechanical brakes, precision micro-gap 
heads, 5" VU meters, 4 mic or line inputs, 3/16" 
panel with massive central casting, third head 
monitor with AB switch, rugged construction, J 00 
hours in-plant testing. 





CX722 Superlative profes- 
sional quality with outstand- 
ing flexibility for on-location 
recording. 2 channels. 3 
speeds, pushbutton electric 
control, rennote start/stop op- 
tional, sound-on-sound, sound 
-with-sound, echo effects, 
shown in studio console. 



SX724 Professional perform- 
ance at a minimum price, es- 
sential for the finest compon- 
ent systems. 1/4-track stereo 
2 speeds, push-button electric 
control, remote start/stop op- 
tional, sound-on-sound, shown 
in scuff-proof carrying case. 



SX824 For the serious audio- 
phile, the ultimate home re- 
corder. 2 channels, 2 speeds, 
computer logic control never 
breaks tapes, remote control 
optional, sound-on-sound, 
shown in genuine walnut hard- 
wood cabinet. 



DC300 Laboratory standard 
basic amplifier. 300 watts per 
channel RMS, complete out- 
put protection, extreme puri- 
ty, shown in walnut cabinet 
D40 The ideal monitor ampli- 
fier. 40 watts per channel 
RMS, compact, low distortion, 
shown in walnut cabinet. 



Circle 31 on licfitlcr Service Card 
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IC's The — Coming Revolution 



EDWARD J. GATELY, JR, 

The author makes a strong case for the present 
use of integrated circuits in professional 
audio gear, and goes on to predict their 
eventual dominance 



.1 



SIX OR SEVEN YEARS Ai;o iiiuch was sald and written 
about how transistors might be satisfactor>' for space 
capsules but they would never replace tubes in quality 
audio equipment. All kinds of arguments were ad- 
\'anced to justify the argument including the non-arguable 
"transistor sound". Today, little or no tube equipment is 
being manufactured and certainly no new designs are under- 
going development. Many new ceiuipment designs are fea- 
turing integrated circuits (ic's) and the old arguments 
against transistors are being heard again — only this time di- 
rected at integrated circuits. 

Recent |)apers and articles have advanced the following 
anti — ic arguments, 
o 1. Cost 

^ 2. ic's ha\'e more noise than comjiarable transistor cir- 

5 cuits. 

■§ 3. ic's ha\ e lower output voltage than transistor circuits, 

a 4. ic's cannot deliver sufficient output power. 

1/1 

TJ , 



Edward J. Gately, Jr. is president of Gately Electronics, 57 
West HiUcrest Avenue, Ilavertmvn. Pa. 19^S3 \ I ^'I'^l J 
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Figure 1. A mic preamp eonitructcd with discrete components. 

5. ic's are not generally axailable. 

6. ic's arc not uniform and require selection. 

7. ic's require more space than comparable transistor 
circuits when the compensating components are con- 
sidered. 

8. ic circuits are difficult to service. 

9. ic's iiave higher distortion than coniiwrabie transistor 
circuits. 

dv 

10. ic's suffer from slew rate ( — ) limitation. 

dt 

Figures 1, 2 and 3 show typical circuits .suitable for niic 
preamp ser\'ice. One being a conventional discrete transistor 
amplifier, the second an op-amp version and the third an 
ic circuit. 

Figures 4, 5 and 6 are line amp versions of the same three 
types of circuits. 

Cn.\RT I presents a summary- of the electrical measure- 
ments made on the preamp version. Chart 2 presents the 
measurements on the line amp versions. 

The measurements shown indicate that all three circuits 
meet all the criteria of the professional circuitry. The ic is 
quieter but on the other hand has a slightly lower output 
voltage. 0\ erall dynamic range of the three circuits are com- 
fiarable except weighted slightly in the ic's favor. 

Notice that both this particular op-amp circuit and the 
ic ha\-e to be buffered with "power" transistors to deliver 
sufficient le\el to a 600-ohni line. However the conventional 
transistor amplifier needs buffering in that it is a com entional 
voltage amplifier with a pair of emitter followers to deli\'er 
power. 

The ic shown, although bearing a Motorola part number, 
is also available from Philco as part number FU6E77CK). 
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CHART 1 
Comparison of Mic Preamp Circuits 



Noise (30hi-15khi) 
Output voltase 
Distortion (2) 
Component Cost (1 ) 



DISCRETE 
-125 dBm 
1 2 volts 

0.2% 

$5.77 

CHART 2 



OP-AMP 
-124 dBm 

1 2 volts 

0.2% 

$4.75 



Comparison of Line Amp Circuits 



Noise (30hi-1 5l<Hi) 
Output Level (4) 
Distortion (2) 
Component Cost (1 ) 



DISCRETE 
-75 dBm 
+28 dBm 
0.2% 
$6.52 



OP-AMP 
-75 dBm 
+24 dBm 
0.2% 
$7.06 



IC 

-128 dBm 
1 2 volts 
0.2% 
$3.25 



IC 

-80 dBm 
+24 dBm 
0.2% 
$5.56 



Notes; 

1. Cost based on single quantities. Transformer prices not in- 
cluded. Current price MC-1 709CL in single quantity $2.80. 

2. Oscillator distortion 0.2%. Measurements made at output 
level specified at 1kHz and 10kHz into 10k-or 600-ohms 
load as appropriate. 

3. Data reports average of measurements on three sample circuits 
of each design. 

4. Greater output obtained For discrete line amplifier because 
of higher IC supply voltage. IC is limited to + and —18 
volts (36 volts total). 



This item is available from all major parts houses as a stock 
item and usually can be obtained in quantities of greater than 
100 directly from stock. 

Recently, to check the unifonnity of ic's six samples of 
the Motorola MC1709CL and Philco FU6E7709 were ob- 
tained from each of three parts houses widely separated 
geographically. All eighteen ic's were checked for output 
voltage and noise in the microphone preamp shown. All 
units delivered a minimum of 12 volts and had equivalent 
noise of less than —127 dBm. 

Of the three types of microphone circuits presented, the 
conventional discrete amplifier occupies the most space 
because of the required negative supply decoupling. The op- 
amp and ic occupy about the same amount of spwce. The 
line amp space is comparable in all three cases. 

As long as the circuit designer has enough sense to use 
a socket under the ic (so that difficult unsoldering is not 
required), then ic circuit servicing is easier than circuits 
using discrete components. The large amounts of d.-c. feed- 
back used in conventional circuits to insure temperature 
stability make it very difficult at times to determine which 
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Figure 8. An opamp mic preamp. 



Figure 3. An integrated circuit mic preamp. 
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Figure 4. A line amp using discrete com- 
ponenb. 
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Figure 5. The same line «mp as Figure 4, 
but using an opamp. 



INPUT o 

Figure 6. The line amp of Figures A and 5 
but using the indicated integrated circuit. 

of the many transistors is the faulty one. W ith an ic used in a 
circuit the whole assembly is unplugged and a new one 
inserted. Replacing a S2.80 ic in one minute is cheaper than 
replacing a $0.75 transistor if the S4.00 an hour technician 
takes an hour to determine which transistor to replace. 

Since designers tend to select transistors for specific 
circuit locations it is not unusual to find six or seven types 
used in a single piece of equipment. This tends to complicate 
the spare parts problem. One ic and two transistor part 
numbers might be the total compliment of semiconductors 
in a 24 in/8 out console using the ic concept. 

Distortion is hardly ever a problem in professional audio 
equipment obtained from a reputable manufacture, as it is 
so easily controlled by using adctjuate amounts of negative 
feedback. The transformers are usually the distortion limit- 
ing component. Most audio gain blocks rarely reijuire more 
than 40 dB of gain. Most ic's suitable for professional cir- 
cuits have open loop gains of 90 dB or more. Thus most 
audio integrated circuits oiierate with a minimum of 50 dB 
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of negative feedback. This amount of feedback absolutely 
precludes any measureable distortion up to the clipping jwint. 

Slew rate is defined as tlie rate of change of the ic output 
voltage with respect to time. In simpler terms if an ic (or 
other circuit for that matter) is to deliver a high output 
voltage at a high fre(|uency then it must have a high slew 
rate. A 10-volt output at 20 kHz requires a slew rate of 2.5 
volts \yer microsecond. When certain ic's are operated in 
low-gain configurations, slew-rate limitation of high-fre- 
(luency signals can become a problem. This is particularly 
true of the new ic's which require no external compensation. 
However, by careful selection of compensation values and 
circuit design, slew rates of 5 \ olts |jer microsecond can be 
achieved allowing full voltage output up to 40 kHz. 

With so many advantages and no real disadvantages, the 
swing to IC design will accelerate in the next several years. 
I would \enture to predict that in two years more time the 
ic revolution will have come to pass and most if not all new 
designs will be around the ic format. ■ 

Circle 35 on Reader Service Card ^ 
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AIMY NUMBER CAN PLAY. 



The time is tomorrow. The name is TEAC. The machines are the Simul-trak 
Series TCA-40. And they're here today. 

This series of tape decks combines the best features of high-quality 
quarter-track, two-channel operation with four-channel stereo capability. 
It's the best of two worlds, in three versions, four channels. 

All three models feature four-channel playback, as well 
as regular two-channel playback with auto reverse. What's 
more. Models 40 and 41 can be modified later to the full 
four-channel capability of Model 42, at moderate cost. 
Meanwhile, any one of these machines is compatible with 
your present equipment; no modifications or reassembly 
are necessary. 

So what are you waiting for? 

Simul-trak " surrounds you with sound - and gives you 
a headstart on tomorrow. 

TEAC 

TEAC Conioration of Amoriea ■ 2000 Colorado Ave. • Santa Monica, Calif. 90404 



General Specifications 

• Speeds- 71/2 and 3% ips 

• Motors— 1 hyst. sync, 2 outer rotors 

• Wow and Flutter-0.12% @ 71/2 ips 

• Freq. Response-:r3 dB 50-15,000 Hz @ 7V2 ips 

• S/N Ratio-50 dB 

• Crosstaik_48 dB 




oc 
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TCA-40 



• Va-track, 2-channel stereo playback, plus 4-channel stereo playback (in-line) 

• '/fl-track, 2-channel erase and record heads for future "step-up • Automatic 
reverse for uninterrupted playback of conventional 2-channel tapes • Readily modified 
to TCA-41 or 42 • Built-in solid-state preamplifiers • Ideal for duplication master or copy deck 

TCA-41 

• Vi-track, 2-channel stereo playback, plus 4-channel stereo playback (in-line) • Va-track, 2-channel record 

• Automatic reverse for uninterrupted playback of 2-channel tapes • Readily modified to future 4-channel 
recording capability, or TCA-42 • Solid-state playback and record preamplifiers • Off-the-tape monitoring selector 




TCA-42 

• Vi-track, 2-channel stereo playback, plus 4-channel stereo playback (in-line) • Vi-track 2-channel stereo record and 
4-channel stereo record (in-line) • Automatic reverse for uninterrupted playback of 2-channel tapes • Total of 8 separate 
solid-state playback and record preamplifiers • Off-the-tape monitor selectors 
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Let there be Quiet! 



WALTER H. NELSON 



The author presents practical methods by 
which the sisnal-to-noise ratio can 
significantly be bettered in the average studio. 



HISS, OR THERMAL AGITATION NOISE, is inescapable 
in our amplifiers — we can only minimize it, not 
eliminate it. Electricity is inherently grainy. 
Thermal noise arises because electrons are busy, 
busy dancing away their lives. The higher the temperature, 
the more spirited the dancing. 

A moving electron constitutes a current. An electron 
dancing back and forth but going no place creates an alternat- 
ing current. 

As in any society, there are high-energy individuals and 
tow-energy individuals, and some at all intermediate levels. 
Correspondingly, thermal alternating voltages that are 
present across a resistance show a very wide spectrum of 
frequencies, called white noise. 

It has to get awfully cold— like near absolute zero— to 
discourage the electrons from dancing. Less messy ways than 
refrigeration are preferable for controlling thermal noise. 

Our desired signal, composed of "straight" electrons mov- 
ing in orderly predictable groups, must compete with the 
noisy individuals in the same thoroughfare, and repressive 
measures are eflfective. .As the equation that is Figure I 
indicates, thermal noise power is proportional to resistance, 
so that as a practical matter, putting down the resistance 



Walter H. Nelson is with Nelson Research Laboratories in 
Berkeley, California. 



represses the unwanted noise. An amplifier puts out the least 
noise when its input is throttled completely, that is: short- 
circuited. To enjoy the least disturbance we must clamp down 
as hard as possible on the invaders by "un-shorting" the 
input terminals as little as possible. Keeping the resistance 
low makes an effective barricade against the wildly dancing 
undisciplined individual electrons trying to crowd in and 
take over. Once inside, the noisesome individuals cannot be 
gotten out again, so the most critical point in the chain is the 
entrance gate or input terminals. With care, the first input 
circuit can be made to control the signal-to-noise ratio of the 
entire audio channel. 

REDUCING HISS WITHOUT 
REDUCING SIGNAL 

One would like to have at least 60 dB of dynamic range 
available when listening to good music. The human ear is a 
wondrous device which can appreciate much more than this 
range. White-noise hiss must be down at least 60 dB in 



2 = 4KTRB 

e — 
n 



Figufe 1. The foimula fof dclctnilnins minimum noise. 



www.americanradiohistorv.com 



order not to be overly intrusive. This sets a bottom limit to 
the signal which must be provided by the transducer (micro- 
phone, playback head, phono cartridge, etc.) of 1000 times 
the thcniial noise. At room teiniierature for a band width of 
25 kHz the thermal noise across 200 ohms is about 0.3 micro- 
volt. One thousand times this amplitude is 0.3 millivolt, the 
least possible signal permitting a 60 dB signal-to-noise ratio. 
In actuality, it takes a larger signal than this because the 
input resistor may contribute noise on its own unless specially 
selected. A signal as low as 0.3 mV on 200 ohms is not un- 
usual when microphones are used at some distance from a 
I)erforniing group. A simcing comparable to the dimensions 
of the group is often needed to obtain a tasteful balance be- 
tween direct and rc\crberant sound and a good blend if 
several \'oices are present. 

Good design of the amplifier chain can coiie with this low 
signal. The alternative to good design is, of course, money. 
With a costly flock of microphones and mixers one can close- 
niic ever\- individual instrument and vocalist and arrive at 
line-level signal aniplitudc without any amplification and no 
discernable hiss. However, the resulting signal is so dr>- and 
has so much presence that it must be processed after re- 
cording by a verv' artistic editor-engineer with the aid of an 
expensive array of multi-channel artificial reverb gimmicks 
to achieve an acceptable end product, what with all the 
unnatural s<]Ucaks, clicks and breathing sounds characteristic 
of close miking. 

INPUT IMPEDANCE MATCHING 

Stuck with a small signal for lack of this kind of money, one 
must rely instead on good design. (Clearly, good design re- 



([uircs that we minimize resistance everywhere. Following the 
]jrinciple of shunting down the input resistance of the first 
amplifier to the lowest possible value requires that we depart 
from the rule-of-thumb technique of matching impedances. 
lmi>edances are matched where maximum power is to be 
transferred. This is not the right techni(|Ue when we have two 
kinds of signals and wish to discriminate against one of them. 
W'e want the highest ratio of signal to noise voltage. With 
microphones as the signal source, matching the impedances 
loses half the desired signal voltage inside the microphone, 
and transfers at least half of the undesired noise power to the 
amplifier. (.According to Electro-Voice Microphone Facts, 
\'olume 2 Xo. 1, for microphones whose impedance rises at 
low freciuencies, such as ribbon and dynamic cardioid micro- 
phones, matching also rolls off a few dU from the low-fre- 
(|Uency response.) 

A microphone out])Ut signal nearly doubles when instead 
of matching its impedance it is ojierated into an impedance 
several times its own internal iniijedance. Somewhere be- 
tween matched imjiedancc and high im[)edance the best ratio 
of signal to noise is found. This is because the thermal noise 
at the amptirter input is shunted down more and more as 
the amplifier is used more nearly bridged across the mic. 
Going in the direction of a judicious mis-match loses noise 
faster than signal. Operating a microphone into an input 
im|)cdance around five times its own internal impedance is a 
good first approximation. This ratio provides 5/6 or 83 per- 
cent of the useful microphone signal while holding down the 
input resistance seen by the amplifier input to a value dis- 
criminating against the thermal noise. There are refinements 
to this rule based on the particular characteristics of the 
transistor pre-amplifier in use, which are interesting to the 




Neve 

SOUND 

CONTROL 

EQUIPMENT 



One of the recent examples of Neve craftsmanship designed and built to the requirements of 
Cine Tl Studios Ltd., London, 

This console incorporates 26 full mixing equalized input channels each with microphone and line 
inputs. There are eight output tracks with three mixed down groups for stereo end mono mastering, 
six echo groups, studio foldback, and an impressive list of built-in equalizers, compressors and other 
signal processing devices. A comprehensive communications system links the Studio floor, balance 
engineer, projection room and the producer. 

The Neve organisation specialises in the design and installation of complex professional control 
consoles and systems for clients throughout the world. 
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Iierfectioiiist but too involved to treat liere. 

ZERO LOSS GAIN CONTROL 

A fundamental fact is that any loss introduced into the early 
stages of the signal |)ath irreparai)ly degrades the signal to 
noise ratio. Variation of chaiiiiei gain to accommodate dif- 
ferent signal levels must be accomplished without throwing 
away any of the desired signal. This is not a contradiction in 
terms. Ideally, the best signal-to-noise ratio is obtained by 
the non-dissipative methotl of varj-ing the negati\ e feed-back 
over the first two stages, rather than by throwing awa>' 
signal through a losser ixjtentionieter such as is often foimd 
between the first two stages. The losser method of channel 
gain control can result in a [xwrer s/n ratio than is present 
at the microphone output. B>' contrast, adjusting the channel 
gain with an added sc|>arate control which varies the nega- 
tive feedback o\-er the first two stages provides se\erat ad- 
vantages. For one, the amplification and the signal handling 
capabilit>' are complementan,-. As the negative feedliack is 
increased to lower the gain for higher input signal levels, 
the ability of the amplifier to handle these larger signals 
without distortion or clipping also increases. This precious 
boon results from the action of negative \oltage fcedl>ack, 
which returns a fraction of the amplified signal to the input 
in phase opposition, bucking down the effective input signal 
without loss of signal energy into heat. By contrast, a jxiten- 
tiometer squanders desired signal power, converting the 
unused jjortion of the signal into heat. Drawing an analogy 
with a cash register — with negati\-e feedback gain control one 
gets back the change, while a ]X)tentiometer keeps the change. 
It is the difference between am])lifying too much and throw- 
ing away part of the signal, and aKva\-s amplifying just 
enough. 

A range of control of 30 or 40 dB is con\-cnient for this 
sejwrate loss-free channel gain control, which may be a 
recessed thun)h-o]ieratcd knob in line with the fader [lotentio- 
meter of each channel. 

Front-end negative feedback channel gaiti control pro- 
^•ides other important advantages. N'oise due to residual hum 
on the d.c. power su])plied to the second stage is reduced, 
along with incidental noises arising in the second stage. 
Distortion is reduced to levels so low that the finest analyzer 
cannot detect any, e\en at levels so high that a further in- 
crease would cause clipping. 

Because of tl\is line perfonnance at maximum signal levels, 
the whole audio chain may be set up for mininnim noise and 
maxinunu dynamic range at rehearsal. Faders and master 
gain control may be set wide open without risk of overloa<i 
distortion when the channel gain is adjusted to accommodate 
the loudest pasfages, using only the separate step-less nega- 
tive feedback gain control over the first two stages. This is 
amplifying just enough. No signal is thrown away. The softest 
passages are gi^•en the best chance to escape degradation b\- 
thermal noise. More attention could then be directi-d to 
(|uieting the ventilating s>steni noise of the auditorium or 
studio, to match the performance of the electronics. 

A further advantage of front-end step-less negative feed- 
back channel gain control deri\es fn«n the lowered dynamic 
impedance looking back into the pre-am])lifier output tenui- 
iials. This effectively shunts down the impedance presented 
to the input terminals of the next block of amplifiers in the 
chain, and thus helps to preser\-e the signal-to-noise ratio at 
a stage where the signal le\el is not \ et high enough to com- 
pletely swamp out the thermal noise contributed by its 
own input circuit. 



CONTROL BANDWIDTH 

Examination of the ecjuation of Figi ke 1 indicates a second 
procedure that helps to control thermal noise. Noise power is 
proportional to band width as well as to resistance. Only the 
\ er>- young hear be> ond 25 kHz. Howe^•er, frequencies above 
audibility for Inmian ears ma>' nevertheless contribute to 
the audible noise b>- being heterodyned down into the audio 
band by intemiodulation effects due to tajie saturation at 
high frequencies and other nonlinearities. This is esix-cialK' 
true if tlie system is ringing. .\ constant output signal at 30 
kHz or al)0\'e, with no input signal, is often observable on 
the oscilloscoije trace of a system. This is because wide-band 
thermal noise is constantly exciting any and all underdamped 
circuits present in an audio channel. .Such ringing, which 
occurs in resixinse to steep wave-front transients in the de- 
sired signal as well as to the constant umlesired hiss, can be 
traced to imterminated microphone input transformers, 
over-reaching record pre-eiuphasis networks, etc. Such hang- 
o\"er effects nia\' contribute to a loss of transjiarency in pro- 
gram material. \'er>- wide bandwidths are useful at the two 
ends of an audio channel, where a microphone has better 
transient response if it responds to supcrsonics. and where a 
]X)wer amplifier provides tighter damping of a loud speaker 
when its pass band extends beyond audibility. 

An internal band width of 25 kHz is sufficient, but limiting 
must be gentle in order to prevent ringing on steep transients 
containing frequencies above the nominal pass band. Roll-off 
of frequencies above audibility should be accomplished with 
single-time-constant stabilization, which limits the roll-off 
rate to 6 dB per octave, and the phase shift to a maximum of 
90 degrees at unity gain. This roll-off rate is sufficiently rapid 
to dispose of the am broadcast stations heard through some 
su|K'r bandwidth amplifiers. In locations near radio stations 
where strong radio-frequency fields exist, foreign currents- 
flowing in early amplifier stages ma>' increase the hiss level' 
e\en though no program is heard. -Xnother advantage of 
technique number one — keeping impedance levels low — , 
dcri\es from the fact that relatively large capacitors can be 
used to by-[iass unwanted r.f. signals, along with verj- small 
diameter shielded cables, without interfering with the 25kHz; 
internal bandwidth. 

SUMMARY 

Thenual agitation noise is an inherent pri>|)ert>- of electricity 
and can not be eliminated, only minimized. It is proportional 
to resistance, bandwidth and tenqx-rature. Resistance and 
bandwidth can be minimized to reduce noise without re- 
ducing the desired signal, but minimizing tenqicrature is 
ini]mictical. 

I'ay the most attention to the low-signal-level first-input- 
circuit, which can he ma<le to control the s/ n ratio of the 
entire system. Avoid attenuator coupling networks between 
blocks «)f amplifiers because the>- force the use of higher gain 
which then amplifies hiss more than signal. Effect a judicious 
mis-match between microphone output imj^cdance and mic 
pre-anq)lilier input iuqxdancc, in order to favor the desired 
.signal over the undesircd thermal agitation iioise. I'se loss-less 
channel gain control in addition to standard faders and master 
gain control, to obtain maximum |Kissible s/n ratio along 
with caiiability of handling the large signals froiu high-outpitt 
microphones which provide maximum dynamic range. 
Restrict the internal hand width to 25 kHz, hut with gentle 
roll-off, to prevent ringing on unrestricted input signals. 
.Avoid all underdam|>ed circuits, to escajie ringing excited 
by white noise and input transients. ■ 
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Sony portable studio $995.00 (VWoptional). 



What happens when the talenr can't 
come to the recording studio? 
The recording studio goes to the talent. 
Simple move. 

If you own the new Sony Model 772. 

It's the Only truly professional AC/DC 
portable stereo recorder on the market. 

It's so compact that it enables you to 
assemble a top quality recording studio 
right in the trunk of a VW. 

The Sony 772 with its 7'/2 and 15 ips 



makes it uniquely suitable for master 
recordings— in the field. 

It also has 7-inch reel capacity, built-in 
limiter, tape select switch for standard or 
low noise type, a fourth head for quarter 
trock playback, and built-in nickel cad- 
mium battery pack which outomatically 
Switches in if the AC fails, with absolutely 
no interruption. 

The Sony 772 performance is fully com- 
parable to studio recorders costing three 



times as much. 

The Sony 772 is available at select 
Superscope Special Application Products 
deolers. 

For their names, as well as complete 
details and specifications, pleose write 
Speciol Application Products Division, 
Sony/Superscope, 81 50 Vineland Avenue, 

Sun Valley, rsnSHmsEssTl 

California 91352. ' 

© Superscope. Inc. 
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39th AES Convention and 

Exhibition 



QUICK SUMMARY 

Hotel New Yorker, 34th Street and 8th Avenue 
New York City 

SUNDAY, October 11— Welcoming Cocktail Party 
6:00 to 7:30 P.M. Terrace Room 

REGISTRATION 

Mezzanine 

Monday, Oct. 12tli— 8:00 A.M. to 8:00 P.M. 
'l uesdiiy. Oct. l.^tli— 8:.S0 A.M. to 8:00 P.M. 
Wednesday, Oct. Utli— 9:00 A.M. to 5:00 P.M. 
Thursday, Oct. IStli— 9:00 .\.M. to 5:00 P.M. 

EXHIBIT HOURS 

Mezzanine, 3rd and 5th Floors 
Monday and Tiicsda>-, 1 :00 to 9:00 P.M. 

Ortober 12 and 1.3 
\\ ednesda>- and ThiirscLn', 1 1 :00 A.M. to 5:00 I'.M. 

October 14 and 15 

TECHNICAL SESSIONS 

Monday, Oct. 12 
9:00 .A.M. — .\nniial Business Meeting 
9:30 A.M. — Transducers 
2:00 P.M. — Klectronic Music 
2:00 P.M. — Standardization of Stethoscopes and 

.-\udio in Medicine — 1970 
7:30 P.M. — Four-Channel Recording and 

Reproducing Techniques 
7:30 I'.M. — W^orksho]) on Stethoscopes — Hartford Rm. 

(See Bulletin Board) 
Tuesday, October 13 
9:00 -A.M. — Disc Recording and Reproduction 1 
2:00 P.M. — Disc Recording and Reproduction II 
2:30 P.M. — Broadcasting 

7:00 P.M. — Studio Recording Techniques Today 

Wednesday, Oct. 14 
9:30 A.M. — Magnetic Recording and Reproduction 
2:00 P.M. — Sound Reinforcement and 
Architectural Acoustics 
2:30 P.M. — -Audio Instrumentation and Measureinents 
7:00 P.M. — Social Hour — New Orleans Room 
8:00 P.M. — .Awards Banciuet — Terrace Room 



Thursday, Oct. 15 

9:30 .A.M. — .Audio Transmission Sy stems: 

'I"heor>'. Standards, and Practice 
2:00 P.M. — Ampliliers and .Audio Circuitr>' 

BANQUET AND SOCIAL HOUR 

7:00 P.M.— Social Hour— N'ew Orleans Room 
8:00 P.M. — Banquet — Terrace Room 

LADIES PROGRAM 

9:,S0 A.M. — Monday, Tuesday and \Vednesila>- — 
Coffee Hour — .AES Suite 
Monday, October 12, 9:30 A.M. 
Terrace Room 
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THE PAPERS 

TRANSDUCERS 

Chairman; EDWARD R. HANSON', 

North American Philips Corp., New York, 
N. V. 

Some Design Considerations For Electrostatic 
Headphones — John J. Biil)l)ers, Stanton Magnetics, 
Plainview, X, 'S'. 

A Three-Way Columnar Loudspeaker for Rein- 
forcement of the Performing Arts— Alan P. Smith, 
Consultant in Electroacoiistics, Maitland, Florida 
The Sound Field in Home Listening Rooms— Roy 
F. Allison and Robert Berkovitz, Acoustic Research. 
Inc., Cambridge, Massachusetts 
The Colinear Array- A Two-Way Loudspeaker 
System for Sound Reinforcement — G. L. Augs- 
piirger, James li. Lansing Sound, Inc., Los .•\ngeles, 
California 

Active and Passive Filters as Loudspeaker Cross- 
over Networks— J. Robert Ashley and Allan Kamin- 
sky, University of Colorado, Colorado Springs, Colo- 
rado 

Transducer, Preamplification and Powering Tech- 
nology of Transistorized Condenser Microphones 

— B. Weingartner, AKG Microphones, Vienna, Austria 
Miniature Headband Mounted Dynamic Micro- 
phone for Professional Applications — Alan R. 
Watson, KlectroA'oice. Buchanan, Michigan 
Monday, October 12, 2:00 P..M. 
Terrace Room 

ELECTRONIC MUSIC 

Chairman: ROSS BROWN, 

Cfl.S Musical Instruments, Fullerton, Cali- 
fornia 

A New Easy-Play Keyboard Instrument— Uirry 
Clmiiol and Ch;irlcs Tennes, llaniniond Organ Com- 
pany, Chicago. Illinois 

Compositional Considerations in Electronic Mu- 
sic — llnbert S. Howe, Professor of Music, Queens 
College, New York 

The ARP Synthesizer — .\ New Instrument for 
Musical Composition and Performance — David 
Friend. Tonus Inc., .Newton Highlands. Massachiiselts 
A Low Cost Educational Music Synthesizer Con- 
cept — Ralph W. Burhans. Ohio L'nivcrsity. Depart- 
ment of ICIectrical Engineering. Athens, Ohio 
The Putney; A New Generation of Synthesizers — 
— Alfred Ma\er, Ionic Industries Incorporated, Morris- 
town, New Jerse\- 

The Versatile Electro Comp — JelT Murray, Dale 
Blake Fred l.orke. Norm Milliard, Electronic Music 
Laboratories. Inc., Hartford, Connecticut 
Compact Performance Synthesizer Design Con- 
siderations—William R. Hemseth and Robert .\. 
Moog, R. A. MiHig, Inc., Truniansburg, N. \. 
.Monday. October 12. 2:00 I'.M. 
New Orleans Room 

STANDARDIZATION OF 
STETHOSCOPES AND AUDIO 



IN MEDICINE— 1970 

Chairman: PHILIP K.\NTROWlTZ. 

Consultant on Bioengineerin^, York, 
N. Y. 

A Special Report From the Stethoscope Com- 
mittee* — How -Audio Engineers can help improve 
Stethoscopy 

Coordinators: DALE C.R(X)M, .\l.l).. Professor of 
Medicine. University of Oklahoma, 
School of Medicine 

PAUL Y. ERTEL, M.D. .Associate 
Professor of Pediatrics, Ohio State 
University 

Part I. An historic persi>ective; the impact of Laen- 
nec's stethoscope from 1816 to today. 

Part II. Barriers to imderstand the stethoscoix; 

acoustically: how signals are generated within 
the heart and reach the ear; the impedance 
of chest wall and of the ear; and what we 
need to know about acoustic pathway. 

Part HI. The state of the art: how stcthoscoi)es and 
stethosco])e com|X)nents can distort soimd; 
special stethoscopes for six-cial piirix)ses; 
facts and tiction. 

Part W . The clinical significance of cardiac ausculta- 
tion: what engineers should know about 
acoustic signals from the heart; the relation- 
ships of cardiac sounds to hemodynamics and 
cardiac function; how stethosco|x's can make 
earlier diagnoses, and last but most iniix)r- 
tant — how the audio engineer can help 
improve stethoscopy. 

An open workshop follows at 7:.iO in the evening. 

Ever\-one is invited to attend this signiticant discussion. 

See Bulletin Boiirds for location. 

*Si lb-Committee of the .\ES Standards Committee 

Auditory Aids and Substitute Devices — George W. 

Fellendorf, Alexander Graham Bell Association for the 

Deaf, Washington, D. C. 

A Typical Day in an Intensive Care Unit — I'ugene 
P. 1 larter. Memien-Greatbatch l-'lectronics. Inc., 
Clarence, N. ^'. 

Understanding the Inner Ear Through Models.- 
Studies in Facts and .Artifacts — Martin B. Lesser 
and David .\. Berkley. Bell 'IVleiihone Laboratories. 
Whipivmy and llolmdel. New Jersey 
Stroke Volume and Cardiac Output by Echocar- 
diography — Benedict Kingsley, Hahnemann Mt-dical 
College & Hospital, Philadel])hia, Pennsylvania 
Development of a Biocompatible Natural Rubber 
for Implantable Artificial Organs or Instrumen- 
tation — Iv von Dally, Y. iinai. 1). Peaboth-. and \'. 
Nose, Artificial Organs Research Laborator\', The 
Cleveland Clinic I'ouiulation, Clevelaiui. Ohio 
An Application of Differential Ultrasonic Spec- 
troscopy to Red Blood Cell Measurements — Marc 
Mangot, New York University. Department of l-'lectri- 
cal ICngineering. .New \'ork. .N. Y. 

Monday, October 12, 1 -.M) I'.M. 
Terrace Room 

FOUR-CHANNEL RECORDING AND 
REPRODUCING TECHNIQUES 
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Chairman: JAMKS H. CUWINCHAM, 8-Track 

Recording C<)ni|>any, Chicago, Illinois 
One Plus One Equals Four -Peter W. Tappen, Bolt 
iJeranck and Newman Inc., Downers Gro\e, Illinois 
The Effect of Microphone and Loudspeaker Di- 
rectional Characteristics Upon Recreating Acous- 
tic Fields lidward M. l.()ng, Anipex Coriwration, 
I--lk Grove Village, Illinois 

The Simulation of Moving Sound Sources- John 
M, Cliowning, Stanford University, Department of 
Music, Stanford, California 

FOUR CHANNELS AND COMPATIBILITY— 
Peter Scheiher, Aiidiodata Co., Pcekskill. X. V. 
On the Processing of Two and Three-Channel Pro- 
gram Material for Four-Channel Playback John 
M. ICarglc, Mercury Record Productions, New York, 
N. 

Experiments in Four Channel Recording Tech- 
niques- John M. Worani. RCA Records, New ^'ork, 
N. V. 

Tri-Wave Stereo Acoustics John IC. \^olkniann, 
RC.\ I.ahoratories, Princeton, New Jersey 

Tuesday. October l.S. 9:00 to 11:00 A.M. 
Terrace Room 

DISC RECORDING AND 
REPRODUCTION I 

Chairman: JAMKS II. KOGKN, Slnire IJrothers, In- 

corixjrated E\anston, Illinois 
Audio Developments in Europe John C. C. Gilbert, 
Northern Polytechnic, London, I-^nglnnd 
Progressive Record Wear .\n Optical Study Ian 
Hamilton and James C. Lewis, Imperial College, 
Mechanical Lngineering Dept. London, ICngland 
Analysis of Crosstalk in Stereo Discs Hernhard W. 
Jakohs, .SInire Urothers, Incorporated, ICvanston, 
Illinois 

.\ New Profile for LP Records - Warren Rex Isoni, 
RCA Records, Indianaixilis. Indiana 
Phase Shift Characteristics of Record Cutters 
and Pickups- H. H. Hailer, D. Gravercaux, .\ Gust, 
CH.S Laboratories, Stamford. Connecticut 

11:00 A..M. to 12:30 P.M. 
A Mechanical Disc Recording and Reproducing 
System with High Storage Density and Informa- 
tion Flux llorst Redlich, TICLDKC, Hans-Joachini 
Klemp, 'ri:LI)i:C, and Gerhard Dickojip, ARG-Tele- 
funken 

Tuesday. October 1.1, 2:00 P.M. 
Terrace Room 

DISC RECORDING AND 
REPRODUCTION II 

Chairman: JAMKS II. K(X;i-:N, .Shure Brothers, In- 

cor|>orated livanston, Illinois 
British Contributions to Audio During the Past 
Fifty Years Percy Wilson, Percy Wilson and Part- 
ners, Oxford, Rngland 

New Criteria for Stereo Disc Tracking — Lawrence 
Shaijcr, Mnipire Scientific, Clarden City, N. Y. 
An Electronic Speed Controlled Turntable for 
Broadcasting Application Frank II. Ilirsch, Tlior- 
ens-I"ranz AG. Wettingen. Switzerland 



A Discrete Four-Channel Disc and its Reproduc- 
ing System — T. I none, N. Takalmshi and I. Owaki, 
\'^ictor ( ()ni|)any of Japan, Limited (J\'C America, 
Inc.), ^'okohama. Ja|>an 

A Theory of Scanning Loss of Phonograph Play- 
Back James V. White, I)i\ision of iMigineering and 
-Appliwl Physics, Harvard University, Cambridge, 
Massiichusetts 

Interaction Between Tracing and Deformation 
Errors Duane H. Cooper, University of Illinois, 
Urbana, Illinois 

Clear Sound Records Applied with PTS System — 

Motokazu Ohkawa, .Mamoru Kuriyagawa and .Shin- 
ichi Makino, Toshiba Research tS: Development 
Center, Kawas;iki, Japan 

Tuesday, October \3, 2:30 P.M. 
New Orleans Rooni 

BROADCASTING 

Chairman: A. C. ANGUS, 

Daven Division, .McCraw Ixlison, 
Manchester. .New Ilauipshire 
Two Portable Reproducing Consoles for Soimd 
Effects Operations John R. Gable, Jr., .\nierican 
Hroa<lcasting Co., New York, N. Y. 
The Design of a New Modular Audio Console for 
Broadcasting and Recording — W. F. Hanway, 
RC.\, Meadow Lands, Pennsylvania 
Applications of .\udio Signal Processing Devices — 
iCmil I,. Torick, CBS Laboratories, Stamford, Connecti- 
cut 

Comparison of Crosstalk Characteristics of 
Shielded Wiring and Printed Circuit Track— J. A. 

Wissner, RCA, Meadow Lands, Pennsylvania 
Possible Methods for FM Broadcast Transmission 
of Four Channel Stereo Signals - Leonard Feldman, 
S.C.A. Services Co., Inc., Great Neck. N. Y. and Wil- 
liam .S. Ilalstead, R'T\' International, Inc., New York. 
N. Y. 

An .\dvanced Volume Level Indicator William P. 
Brandt, .\ltec-Lansing, a division of LT\' Ling-.\ltec, 
Inc.. Anaheim. California 

Tuesday, October 13, 7:00 P.M. 
Terrace Room 

A SPECIAL EVENING 
MODERN RECORDING STUDIO 
TECHNIQUES 

Chainuan: WILI.IA.M K. WIND.SOR, 

I). B. Audio Corp., Sew York, N. Y. 

A LIVE DEMONSTRATION 

Ungineer: JOHN WORAM, 

RCA Records, New York, N. ^■. 
Producers: STIAM-: SCHWARTZ. 

RCA Records. A'to York. .V. V. 
MAX WILCOX, 
RCA Records. New York. X. Y. 
Panelists: DA\MD GRF.IlNK. 

,1 iS: R Recording. Sew York, ,V. }'. 
ROY llALLi:. 

Columbia Records. Sew York, S. Y. 
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The New V'ork Section of the Audio Rngineering 
Society presents this applications seminar as an 
educational ser\'ice to ail members and guests of 
the Society. All those professionally- engaged, 
active or interested in professional recording tech- 
niques are invited to attend. 
This applications seminar will be a live and pre-re- 
corded demonstration of nnilti-track recording and 
mixdown techniques, showing exactly how a modern 
recording is made. 

Excerpts from an actual recording session will 1)0 used, 
and additional guitar, and Moog Synthesizer tracks 
will be recorded during the session. The orchestra used 
in the recordings includes a seven man rhythm section 
and a seven man brass section. Horns and drums are 
recorded in the classical two-channel stereo technique, 
while the other musicians are each assigned their own 
tracks on the multi-track recorder. The record pro- 
ducers will explain what they were tr>-ing to achie\ e in 
the recording, and additional slides will show miking 
technitiues used in the session. 

After the demonstration, the engineering panelists 
will discuss other recording techniques as used in 
today's studios and then open the Session for a (luestion 
and answer period. 

There will be no fee for registration for this .Session. 

Wednesday, October 14, 9:30 A.M. 
Terrace Room 

MAGNETIC RECORDING AND 
REPRODUCTION 

Chairman: STEWART L. SMITH, 

GRT Corporation, Sunnyvale, California 
A Dropout Detector for Testing Multi-Channel 
Tape for Re-Use — Michael McLean, Motown Record 
Corporation, Detroit, Michigan 

Tape Noise in Audio Recording — Eric D. Daniel, 
Memorex Corporation, Santa Clara, California 
Quality of Low Speed Tape Copies — Keith O. 
Johnson, Gauss Electrophysics, Los Angeles, California 
Computerized Re-mastering in the Manufacture 
of Slow Speed Tape Records — Richard Erickson and 
Walter Goldsmith, Certron Corp., Anaheim, California 
Dolbyized Duplicating, its Effects on the Pre- 
Recorded Cassette — David Sarser, Allison Audio 
Products, Inc., Hauppauge, N. V. 
Inspection and Evaluation of Audio Recording 
Tape — James B. Wood, GRT Corporation, Suimyvale, 
California 

A Plastic Pressure Roller for Stereo-8 Cartridges 

— Warren Rex Isom, RCA Records, Indianapolis, 
Indiana 

Wednesday, October 14, 2:00 P.M. 
Terrace Room 

SOUND REINFORCEMENT AND 
ARCHITECTURAL ACOUSTICS 

Chairman: DAVID L. KLEPPER, 

Boll Beranek and Newman Inc., New York, 
N. V. 



Innovations in Studio Design and Recording in 
the Victor Record Studios — Yuma Shiraishi, Kiyoshi 
Okumura and Masahiro Fujimoto, Victor Company of 
Japan, Ltd. (JVC America, Inc.), Yokohama, Japan 
Componentized Architectural Acoustics — Curt 
Knopjjel, Intertex Corporation, Wauwatosa, Wisconsin 
Isolation Recording, a Producer's View — ^John 
Rhys, Sonad Electron CorjKiration, Wauwatosit, Wis- 
consin 

RCA Variable Acoustics Studios — John E. Volk- 
mann RCA Laboratories, Princeton, New Jersey 
Auditorium Acoustics Simulator; Form and Uses 
— Thomas R. Horrall, Bolt Beranek & Newman Inc., 
Cambridge, Massachusetts 

Masking Noise Systems and Open and Closed 
Spaces — Ranger Farrell, Ranger Farrell and .Asso- 
ciates, Consultants, lr\ington-on-l ludson, N. Y. 
A Sound System for Amphibious Assault Train- 
ing — Allan P. Smith, IT.S. Naval Training De\ice 
Center, Orlando, Florida 

Sound System Design for St. Mary's Cathedral, 
San Francisco, California — Charles J. Catania, San 
Rafael, California 

Wednesday. October 14, 2:30 P.M. 
New Orleans Room 

AUDIO INSTRUMENTATION AND 
MEASUREMENTS 

Chaimian: .STEPHEN F. TEMMER, 

Gotham Audio Corporation, New York, 
N.Y. 

An Automatic Highway Noise Monitor — Richard 
G. .Allen, Thomas P. Owen and Eniil L. Torick, CBS 
Laboratories, Stamford, Connecticut 
Accurate Measurements Using an Infrasonic 
Acoustic Comparator — Robert O. Fehr, Fehr & 
Fiske, Inc., Westport, Connecticut 
Computerized Production of Reproduce Align- 
ment Tapes — Richard W. Erickson, Certron Cor- 
poration, .Anaheim, California 

Simple and Complex Test Signals for Music 
Reproduction Systems — Thomas .A. Saponas, Ran- 
dolph C. Matson and J. Robert .Ashley, University of 
Colorado, Colorado Springs, Colorado 
Impulse Measurement Techniques for Quality 
Determination in Audio Equipment — Alfred 
Schaumberger, Audio Consultant to Ceorg Neumann 
GmbH Electroacustic, Berlin, West Germany (Trans- 
lated and presented b>' Stephen F. Temmer, Gotham 
.Audio Corporation, New York, N.Y.) 

Thursday, October 15, 9:30 A.M. 
Terrace Room 

AUDIO TRANSMISSION SYSTEMS: 
THEORY, STANDARDS, AND PRACTICE 

Chaimian: JOHN G. .McKNIGHT, 

Ampex Corporation, Redwood City, Cali- 
fornia 

Panel .Members: A. PIERCE EVANS, 

Audio-Video Section, Engineering and 
Det-elopment Department, CBS Tele- 
vision Network, New York, N. V. 
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GFX)R(;i: MALIXG, 

IBM Acoustics Laboratory, Poitgjt- 

keepsie, N.Y. 

DOUGLAS SMITH, 

Electronic Development Department, 

Share Brothers, Rvanston, Illinois 
A series of five sejjarate panel discussions of various 
asixjcts of the suljject, witli introductions by the panel, 
and opportunity for audience participation. 

1. The need for simplicity and flexibility in audio 
transmission system design and operation. 

2. Some concepts and terminology': "matching"; levels 
and decibels; available power; the various kinds of 
"gains", 

3. Design techniques: for the system (putting together 
a "power matched" system, a "voltage matched" 
system, and a "mixed system); for the elements 
(designing for these different kinds of systems). 

4. Measurement techniques: equipment used; the test 
setup; the measurement procedure; conversions be- 
tween the different kinds of "gain"; presenting the 
results as specifications. 

5. Standards: What standards exist, and what do they 
say? Should the standards be changed; and if so, 
how? 



Thursday, October 15, 2:00 P.M. 
Terrace Room 

AMPLIFIERS AND AUDIO CIRCUITRY 

Chairman: FRED L. MERGXER, 

Fisher Radio Company, Long Island City, 
N.Y. 

Investigation of Various Forms of Distortion in- 
herent in Transistor Amplifiers — Shinichi Ohashi, 
Hitachi, Ltd., Tokyo, Japan 

A Dynamic Noise Filter • Richard S. Burwen, Con- 
sulting Electronics Engineer, Lexington, Massachusetts 
A New Modular Console Building Block Concept 
Using Integrated Circuits John H. Buffington, 
Gately Electronics, Havertown, Pennsylvania. 
A Wide Dynamic Range Limiter and Program 
Conditioner David E. Blackmer and Saul A. 
Walker, Automated Processes, Inc., Farmingdale, 
X.V. 

Functional Protection of High-Power Amplifiers- - 

Max Scholfield and Gerald Stanley, Crown Interna- 
tional, Elkhart, Indiana 

\ Noise Reduction System for Consumer Tape 
Applications - Ray M. Dolby, Dolby Lalxiratories 
Inc., London, England 





Hears eyer j note jou bean 




mRX€LL CORR Of Pm€RICP 



The tape for high frequencies. Cap- 
tures the full scale. No wonder 
more and nfiore record and dupe 
makers specify the advanced 
Maxell F-20 magnetic cassette 
tape. 25 Hz to 18,000 Hz- 
a full sound spectrum with 
brilliant clarity, 10% greater 
tensile strength than conven- 
tional tapes. Plus our closely 
guarded Hush-Hush process 
that virtually wipes out hiss, affords 
truest fidelity In mono or stereo, record- 
ing and playback. Write now for facts. 



A Subsidiary of Hitachi-Maxcll Lid. 
50t Fifth Avenue, New York, N. Y. 10017 

Circle 38 on Reader Senile Card 
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The db 
Bookcase 



As a service to our readers we are pleased 
to oHer these hooks from prominent tech- 
r)ical publishers. All prices listed are the 
publishers' net. Shipping charges are in- 
cluded. 

Use the coupon at the bottom ol the page 
or give the complete title, author and coupon 
number. Be sure to indicate quantity on the 
special instructions line if more than one 
copy of a title is wanted. Full payment must 
accompany your order. V/e cannot ship 
c.o.d. Checks or money orders should be 
made payable to Sagamore Publishing Com- 
pany, Inc. Because ol the time required to 
process orders, allow several weeks lor the 
receipt of books. 

Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Milliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive backsround of 
practical experience in commercial and edu- 
cational broadcasting. 190 pages; 6V4 x 
9y<2i indexed; clothbound. 
S6.95 

Circle S on Coupon Below 

RADIO TRANSMIHERS 

Gray and Grafiam. Provides, in a logical, 
easy-to-understand manner, a working 
knowledge of radio transmitters for quick 
solution of problems in operation and main- 
tenance. 

1961. 462 pp. SI 6.00 
Circle 40 on Coupon Below 

ELECTRONIC AND RADIO 
ENGINEERING, 4th Ed. 

Jerman. A thorough coverage, in easy-lo- 
understand terms, of those principles and 
techniques which are the basic tools of the 
electronic and radio engineer. 
1955. 1,078 pp. $19.50 
Circle 39 on Coupon Below 

HANDBOOK OF BROADCASTING, 
4lh Ed. 

Abbott and Rider. This non-technical hand- 
book sets forth clearly and thoroughly the 
fundamentals of radio and television broad- 
casting. Over 100 illustrations amplify the 
text. 

1957. 531 pp. $9.50 
Circle 38 on Coupon Below 



TELEVISION BROADCASTING 

Chinn. A practical, compact technical guide 
to the equipment, systems, facilities, good 
engineering practices, and operating tech- 
niques of television broadcasting. 
1953. 695 pp. $17.00 
Circle 37 on Coupon Below 

RADIO ENGINEERING HANDBOOK, 
5th Ed. 

Henney. Prepared by a staff of specialists, 
this working manual of radio science pro- 
vides information on each of the branches 
of radio engineering, with emphasis on 
working practice, final working formulas, 
dimensions, and actual useable circuits. 
1959. 1,800 pp. $28.75 
Circle 36 on Coupon Below 

AN ALPHABETICAL GUIDE TO 
MOTION PICTURE, TELEVISION, 
AND VIDEOTAPE PRODUCTION 

Levitan. This all-inclusive, authoritative, and 
profusely illustrated encyclopedia is a prac- 
tical source of information about techniques 
of all kinds used for making and processing 
film and TV presentations. Gives full tech- 
nical information on materials and equip- 
ment, processes and techniques, lighting, 
color balance, special effects, animation 
procedures, lenses and filters, high-speed 
photography, and much more. 
1970. 480 pp. $24.50 
Circle 35 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 

by Richard H. Dorf. Now in its third edition 
and sixth printing since its first appearance 
in 1954, this is considered the authority on 
electronic organs. 393 pages; 239 dia- 
grams and photographs. 
$10.00 

Circle 19 on Coupon Below 

Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremaine. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harmonic distortion. 172 pages; 
Sy^ X 8V2; softbound. 
$4.25 

Circle 9 on Coupon Below 

ACOUSTICAL TESTS 
AND MEASUREMENTS 

by Don Davis. Provide; a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. 192 pages; 
sy^ X sy^i hardbound. 
$6.95 

Circle 7 on Coupon Below 
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How To 

PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H. Crowhurst. 1967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. 136 pages; 
6x9; illuS; softbound. 
$4.50 

Circle 1 5 on Coupon Below 



Reference 

HANDBOOK OF ELECTRONIC TABLES 
& FORMULAS, (3rd EDITION) 

A one-stop source for all charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Includes an 8-page, full-color 
fold-out chart showing latest FCC alloca- 
tions for the entire frequency spectrum. 
232 pages; 514 * 8'/2; hardbound. 
$5.50 

Circle 8 on Coupon Below 

BASIC BIBLIOGRAPHY OF 
SCIENCE AND TECHNOLOGY 

McGraw-Hill. Important to the researcher, 
librarian, or student, this reference book 
lists and describes over 8,000 outstanding 
books in every scientific and technical field. 
A topical index organizes all subject head- 
ings into about 100 general categories 
enabling the reader to locate quickly the 
listings which pertain to his field of interest. 
1966. 738 pp. $19.50 
Circle 34 on Coupon Below 

NOISE REDUCTION 

Beranek. Designed for the engineer with no 
special training in acoustics, this practical 
text on noise control treats the nature of 
sound and its measurement, fundamentals of 
noise control, criteria, and case histories. 
Covers advanced topics in the field. 
1960. 752 pp. $19.50 
Circle 33 on Coupon Below 

THE AUDIO CYCLOPEDIA 
(2nd EDITION) 

by Dr. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio develop- 
ments including the most recent solid-state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 614 x 
9-3/8; hardbound. 
$29.95 

Circle 20 on Coupon Below 

General Audio 

ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 

by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. 392 pages; 
hardbound, 
$17.50 

Circle 21 on Coupon Below 



I Sagamore Publishing Company, Inc. 

980 Old Country Road, Plainview, N. Y. 11803 

Please send me the books I have circled below. My full remittance in the amount 

I of $ is enclosed. N.Y. State residents add 5% sales tax. 

I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
I 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

I Name 

j Street Address 

j City State Zip 

I Special Instructions 

I Canada and foreign: Add $1.00 per book 

I 



Classified 



Closing ddte is the fiFteenth of the second 
month preceding the date of issue. Send 
copy to: 

ClassiRed Ad Dept. 
db 

THE SOUND ENGINEERING MAGAZINE 
980 Old Country Road 
PIdinview, New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercidI and employment 
offered or wanted placements are accepted 
at 25c per word. 



THE TECHNIQUE OF NEW 
THE SOUND STUDIO EDITION 

by Alec Nisbett. This,- is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to Rim and 
television sound. 264 pages,- 60 diagrams; 
glossary; indexed; SYq x SVq; clothbound. 
$13.50 

Circle 1 on Coupon Below 

PASSIVE AUDIO NETWORK DESIGN 

by Howard M. Tremaine. A complete and 
comprehensive guide to the design, con- 
struction, and testing of all types of attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. 
288 pages; 51/2 x 8/2; softbound. 
S5.50 

Circle 5 on Coupon Below 



Circuitry and Compontnts 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO-FREQUENCY 
AMPLIFICATION) 

by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors in audio-frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. An 
ideal textbook or reference on the subject 
for engineers and advanced technicians. 
384 pages; ^Yq x 8; illus.; clothbound. 
$7.95 

Circle IS on Coupon Below 

CLOSED-CIRCUIT 
TELEVISION HANDBOOK 

by Leon Wortman. Gives comprehensive 
detailed information about the held in an 
easy-to-understand presentation, suited to 
those who plan to use, install, and service 
cctv. 288 pages; 51/2 x 8Vt; clothbound. 
$5.95 

Circle 18 on Coupon Below 

CIRCUIT DESIGN FOR AUDIO, 
AM/FM, AND TV 

Texas Instruments. Texas Instruments Elec- 
tronics Series. Discusses the latest advances 
in electronic design and application which 
represent the results of several years research 
and development by Tl communications 
applications engineers. Emphasizes time- and 
cost-saving procedures throughout. 

1967. 352 pp. $14,50 
Circle 32 On Coupon Below 

SOLID-STATE ELECTRONICS 

Hibberd. A Basic Course for Engineers and 
Technicians. An extremely practical refer- 
ence book for anyone who wants to acquire 
a good but general understanding of semi- 
conductor principles. Features questions to 
answer, problems to solve. 

1968. 169 pp. $9.95 
Circle 31 on Coupon Below 

INTEGRATED CIRCUITS 

Motorola. This complete, authoritative vol- 
ume of design and construction techniques 
for modern integrated circuits covers theory, 
thin-film techniques, diodes, transistors, 
thermal design, and other vital aspects. 
1965. 373 pp. $13.75 
Circle 30 on Coupon Below 

PRINCIPLES OF UNDERWATER 
SOUND FOR ENGINEERS 

Urick. Discusses problems entailed in under- 
water sound transmission and their practical 
solutions; describes causes, effects, and 
underwater sound phenomena; and offers 
numerous references to unclassified literature 
in the Reld. 

1967. 342 pp. $17.50 
Circle 29 on Coupon Below 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four track and model 270 auto players, 
many models in stock for immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules. From 
$7,000.00. Wiegand Audio Laboratories, 
3402 Windsor Road, Wall, New Jersey 
07719. Phone: 501 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1" Dia X 2" H) modules. Mic preamps, disc 
8: tape preamp-equalizers, tape bias osc. 81 
record ampl., power amps & power sup- 
plies. Send for free catalog and audio ap- 
plications. Opamp Labs., 172 So. Alia 
Vista Blvd., Los Angeles, California 90036. 

MODULES FOR ALL TYPES of applica- 
tions. Discrete to thick Rim IC devices. Pre- 
amplifiers to power amplifiers. New Catalog 
with schematics, $1.00. PM Electronics, 
Inc., Box 46204, Seattle, Washinglon 
98146. 

1 INCH SCOTCH (1 ROB-10 1/2M) 
empty NAB reels and boxes. New, un- 
opened, cartons of 5; $3.20 per reel. Cash, 
money order, check. Minimum order 10 
reels prepaid. Sample, prepaid: $4.20. 
Picture free on request. Helffrich Recording 
Labs., R.D. #2, Allentown, Pa. 18103. 

BRAND NEW AMPEX AG/500 f.t.— in- 
cluding remote control, portable case, 
fourth stereo head, microphone preamp, 
transformers, etc. $950.00. Telephone: (21 5) 
CH 7-4268 



SCULLY 282-4 four-track recorder. Brand 
new, in portable cases, remote control, etc. 
$3,750.00 or best offer. (313) 563-8097. 



AMPEX 354 $900.00. 7 new Langevin 
EQ251A program equalizers, never used; 
$170.00 each. Department Hi, db Maga- 
zine, 980 Old Country Road, Plainview, 
N. y. 11803. 



FOR SALE: One CBS Audimax MIS (stereo); 
$900.00. One H-P 225B FM monitor; 
$350.00. One Rust SFM-19 pilot frequency 
monitor; $225.00. Two Russco Studio Pro 
turntables; $100.00 each. Two Gray 303 
tone arms; $35.00 each. M. Rubin, KPPC, 
Pasadena, California. (213) 681-0447. 



POSITIONS WANTED 



ENGINEER-PRODUCER presently handling 
all phases of advanced record and motion- 
picture production desires creative freedom 
in young-thinking firm. Resume on request. 
Write Box 9A, db Magazine, 980 Old 
Country Road, Plainview, N.Y. 11803. 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service lor employ- 
ers and job seekers. Call today! Smith's 
Personnel Service, 1457 Broadway, N.Y.C. 
10036, Alayne Spertell 212 Wl 7-3806. 



TRANSFORMER DESIGN ENGINEER. 
Leading manufacturer in the professional 
audio industry is seeking a man highly quali- 
fied to direct our transformer effort including 
design and production. Located in Cali- 
fornia. Please send resume and salary re- 
quirements to Box 9B, db Magazine, 980 
Old Country Road, Plainview, N.Y. 1 1 803. 
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eople. Places, Happenings 




• Two promotions at Pickering and 
Company, Inc. George P. Petetin 

will assuiiif tile [X)sition of OILM s;ik's 
manager for Ixitli tlic I'iclcering Aiiilio 
ant! Piclcering Measurement tS: Controls 
divisions. Prior to this ap|«)intmenl lu' 
was sales manager for the Stanton 
Magnetics, Inc. division. ILxcej)! for a 
])erio(l with Reeves Soundcraft, he 
has l)een witli Pickering since 1950. lu 
making the announceiiu'iit, Pickering 
director of marketing Dan Collins 
stated that this is ]Kirt of a restnicturing 
designed to provide greater concentra- 
tion in some of the more iniixirtant 
marketing areas. 




Replacing Mr, Petetin as s;iles man- 
ager of Stanton Magnetics is Joseph S. 
Woodstock who had liandk-d Picker- 
ings dealer s;iles. Stanton Magnetics 
supplies |)rofessionai products for tlie 
recording and hroailcast industries, 
while I'ickering manufactures for the 
OKM and consumer fields. 



• Custom Audio of Des Plaines, Illi- 
nois has instituted a complete script-to- 
soimd service. They can now begin with 
a basic idea or film script, construct a 
finished script, supply narrator, record- 
ing, visuals, tnusic, duplication, ]xick- 
aging. labeling, and mailing. 




• Lawrence LeKashman, president 
of Electro-Voice, Inc. has been elected 
a cor|)orate vice-])resident of the parent 
company, Gulton Industries, Inc. 

His new resiionsibilities will include the 
management and direction of all phases 
of Gulton's electro-acoustic group. This 
consists of the com]ian> 's IC-V siibsidi- 
ar\' with facilities in Buchanan and 
N'iles, Michigan; NewiMirt and .Sevier- 
ville, Tennessee; and the newly-acquired 
Came Industries in I-'reeixjrt, X.V. Mr. 
LeKashman joined l^-V in 19.S7 as vice- 
jiresident marketing. On December 9. 
1968 he was elevated to the presidency. 

• .\ new chair in nuisic has been created 
at the University of Surrey in ICng- 
laml. As iKirt of the U. Music degree to 
be olTeretl, a specialized ccnirse in elec- 
tronics gi\en in conjunction with the 
])hysics department, will pnKluce gradu- 
ates that are fully competent in both 
the technical and artistic aspects of 
music reproduction to meet the increas- 
ing needs of the broadcast and recording 
industries. The Tonmeister course, as 
it is called, satisfies the luiropean re- 
(|uirements for recording engineers to 
be both technically and musically quali- 
fied. The luiroj^an engineer does all 
that .American recording engineers are 
ri'(|uire<l to do, and additiimalK- is fully 
resi)onsible to realize for the listener the 
intentions of the com]M)S('r and inter- 
l)reter. 

• General Radio Company and Gra- 
son-Stadler Company, both of West 
Concord, Mass., have announced their 
agreement for the merging of the Iwo 
firms. C.rason-Stadler, under its existing 
management, will ojierate as a wholly- 
owned C.K subsidiary, ( irason-Stadler 
Company has been in business for 
twenty \ears and manufactures pre- 
cision audiometers and instruments for 
exix'rintentation in psychoacoustics and 
the life sciences generally. 

Otari (Cover 



• Jacksonville, Illinois area listeners 
now have a new automated stereo sta- 
tion that operates automatically from 
5:45 to midnight. WEAI-FM auto- 
mated and has increased the variety of 
its i)rogramming as a result. According 
to operations manager Wayne Ed- 
wards, .\rnie (as the machine has been 
nick-named) is automated but not com- 
puterized. The system is programmed 
so that there are at least 15 minute 
intervals between each advertiser's cotn- 
niercial. And if important news or 
weather bulletins occur, Arnie can be 
stopped for live broadcast, after which 
programming will pick up smoothU'. 




• .An announcement from DuKane 
Corporation tells of the apiwintment 
of Clarence Kaebnick to the newly- 
created jHjsition of director of manufac- 
turing, as well as the material control 
operation, for all four divisions of 
DuKane. The creation of this jxisition 
was necessitated by the planned expan- 
sion of these divisions which are: com- 
munications systems, audio-visual, spe- 
cial products, and ultrasonics, Mr. 
Kaebnick conies to DuKane from 
.\mpex where he was a vice-president 
manufacturing. 



• The Eleventh Acoustical Training 
School, conducted I>y Michael J. 
Kodras and Robert Lindahl will be 
held at the Dearborn Inn, Dearborn, 
Michigan on November 9 and 10, 1970. 
The two-day session will be devoted to 
general principles of architectural acous- 
tics, soimd transmission loss, acoustical 
correction of rooms, industrial noise, and 
noise control of air conditioning, heat- 
ing, and ventilating eijiiipment. The 
course is designed for engineers, archi- 
techs, etc., and has, in years past, been 
over-subscribed as the number or regis- 
trants is limited. 
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QUALITY CONSOLES AT REALISTIC PRICES! 






QRK-8 - 8 CHANNEL MONO .... $1695 
QRK-8S - 8 CHANNEL STEREO . . $2495 

QRK-8/aS-8 Channel Console - QRK offers a 
professional console with Altec faders; plug-in 
modules (3) pre amplifiers; built-in power supply; 
10 watt monitor amplifiers; independent audition 
and program channels; muting relays: cue ampli- 
fiers; built-in speaker; substantial capacity and 
ultimate access. 



QRK-5 - 5 CHANNEL MONO $995 

QRK-5S - 5 CHANNEL STEREO . . $1595 

QRK-5/5S — 5 Channel Console — Both mono 
and stereo units incorporate Altec attenuators 
with cue switches in every fader, 10 watt moni- 
toring amplifiers, plug-in modules, muting relays, 
and self-contained power supply. The stereo unit, 
QRK-5S contains independent audition and pro- 
gram channels as well as a cue amplifier. Both 
consoles have substantial capacity and total 
access. 



main office 
CCA ELECTRONICS CORPORATION 
TIG Jersey Ave., Gloucester City, N. I. 08030 
Phone: (609) 4SG-tTie 



subsidia/^ 
QRK ELECTRONIC PRODUCTS INC. 
1SG8 N. Sierra Vista, Fresno, Calif. 93703 
Phone: (209) 2S1-4213 



d(V/s/on 
REK O KUT COMPANY, INC. 
1SE8 N. Sierra Vista, Fresno, Calif. 93703 
Phone: (209) 2S1-4213 
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■ ■ A new generation of endless loop tape duplicators has arrived! 

It's the Otari generation. State-of-the-art, field tested and proved in production at world-leading duplicating 
centers. With 240 ips tape speeds that duplicate a 30-nninute cartridge program in just 15 seconds. With superior 
performance specs that ensure consistently high sound quality and highest yield rates. With ruggedness and 
dependability built in to a degree the U.S. tape industry hasn't seen before. The Otari generation is here and 
now: available for demonstration and backed by factory-trained engineering, service and parts. If you're produc- 



ing sounds worth listening to, you'd better listen to Otari. For details and/ or a 
demonstration, write or call Jack Ames at Otari of America, Ltd., 8295 South 
La Cienega Boulevard, Inglewood, California 90301 / Telephone: (213) 678-1442 




A NAME WORTH REPEATING 






BHBB 
BBBB 




Up to 20 Slaves Complete Otari duplicating system consists 
of Master Reproducer with vertical endless loop bin, Logic 
Controller Console, and up to twenty Slave units for high 
volume production. Three systems available: 8-track. Cassette 
or Compatible System with interchangeable heads and guides. 



